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Remarks 

Claims 15-18 and 20-25 were pending in the subject application. By this amendment, claim 
1 5 has been amended and claim 1 6 has been cancelled. The amendment to claim 1 5 to recite that the 
present method is useful with respect to "pneumonia, urinary tract infection and/or sepsis" is 
supported at, for example, page 1 , paragraph 1 of the application as filed. Support for the phrase "to 
reduce lethality and morbidity" can also be found at, for example, page 1, paragraph 1 of the 
specification. The recitation that the at least one anti-infective agent "comprises at least one 
antibiotic in a pharmaceutical preparation" was in original claim 16. The recitation that the anti- 
infective therapy is started within 72 hours following the stroke is supported at, for example, page 5, 
paragraph 5 of the application as filed. No new matter has been added by these amendments. 
Accordingly, claims 15, 17, 18 and 20-25 are currently before the Examiner for consideration. 
Favorable consideration is respectfully requested. 

The amendments presented herein have been made to lend greater clarity to the claimed 
subject matter and to expedite prosecution of the subject application to completion. These 
amendments should not be construed as an indication of the applicants' agreement with, or 
acquiescence to, the rejections of record. Favorable consideration of the claims now presented, in 
view of the remarks and amendments set forth herein, is earnestly solicited. 

Claims 15-18 and 20-25 have been rejected under 35 U.S.C. §112, first paragraph. The 
applicants respectfully traverse this ground for rejection because the skilled artisan, having the 
benefit of the applicants' disclosure could readily, and without undue experimentation, practice the 
subject invention as now claimed. 

It is important to bear in mind that, for an invention to be enabled under the first paragraph of 
§ 1 1 2, the specification need only teach a person of ordinary skill in the art "how to make" and "how 
to use" the invention. The subject application provides ample guidance to meet this standard for the 
claims now presented for examination. 

Please note that claim 1 5 has been amended herein to recite therapy for certain specific 
pathological conditions, i.e. pneumonia, urinary tract infections, and sepsis. Advantageously, 
lethality and morbidity arising from these infections can be reduced according to the subject 
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invention by administering to a patient an anti-infective agent or immunomodulating agent as 
described in the present application. 

As noted above, amended claim 15 now explicitly states that the method of the invention 
reduces lethality and morbidity of a patient who has suffered an acute stroke. Thus, the method of 
the present invention is particularly advantageous because it results in an improvement in the overall 
outcome of a patient who has suffered an acute stroke. 

Still further, amended claim 1 5 now states that, in the present method, at least one antibiotic 
in a pharmaceutical preparation is administered to the patient. From the examples provided in the 
present application, it is evident that each of the anti-infective agents and immunomodulating agents 
described in the application can by used in the present method to reduce the development of post- 
stroke infections as well as mortality. Specifically, in the examples the anti-infective agents 
mezlocillin and sulbactam (examples 2A and 3A), imipenem and cilastatin (example 4A), 
moxifioxacin (example 5A) as well as the immunomodulating agents propranolol (examples 2B and 
4B) and IFN-y (example 3B) as well as beta-blockers were used. 

Furthermore, attached herewith is an article authored by the current inventors in which it is 
demonstrated in a randomized controlled trial that the method of the invention can be practiced using 
moxifioxacin as an anti-infective agent. The article was published in a peer-reviewed international 
scientific journal. Having been successful with this agent, as well as those that are exemplified in the 
specification, there is no basis for doubting the ability to use other agents in the claimed method. 

In addition, the feature newly added to claim 15, that the anti-infective therapy is started 
within 72 hours following the stroke, provides further guidance to a person of skill in the art as to 
how to practice the present method. 

The Office Action states that it cannot be predicted that all anti-infective agents will prevent 
all infections of the urinary tract, the lungs and the blood (sepsis), because organisms causing these 
infections may mutate and become resistant to certain medicinal agents. First, the potential for such 
problems is generally known to a person of skill in the art and is taken into account when treating a 
patient. Further, the possibility of resistant microbes by no means renders the claims non-enabled. 

It should be noted that the requirement for some experimentation and/or screening does not 
necessarily make a claim non-enabled. "Enablement is not precluded by the necessity for some 
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experimentation such as routine screening. . . A considerable amount of experimentation is 
permissible, if it is merely routine . . ." (emphasis added). In re Wands, 8 USPQ 2d 1400, 1404 (Fed. 
Cir. 1988). 

The mere possibility that certain microorganisms might be resistant to a particular drug does 
not in any way negate the general applicability of the method as claimed; the kind of 
"experimentation" necessary to practice this invention is routine to a skilled artisan. Furthermore, 
the presence of inoperative embodiments within the scope of a claim does not necessarily render a 
claim non-enabled (MPEP 2164.08(b)). 

As noted above, for an invention to be enabled under the first paragraph of §112, the 
specification need only teach a person of ordinary skill in the art "how to make" and "how to use" 
the invention. It is further noted that the sheer number of compounds or embodiments that may fall 
within the scope of a claim is not determinative of the enablement of the specification. See, e.g., In 
re Angstadt, 537 F.2d 498, 190 USPQ 214 (CCPA 1976), where the court observed that a large but 
finite list of materials, in combination with a teaching of how to carry out the invention, was 
enabling for purposes of §1 12. 

The applicants are cognizant of the duty under §112, first paragraph, to provide sufficient 
teaching in the specification to enable one skilled in the art to practice the invention as claimed 
without undue experimentation. For the reasons set forth above, the applicants believe that they have 
fulfilled the requirements of 35 USC §112. Accordingly, the applicants respectfully request 
reconsideration and withdrawal of the rejection under 35 U.S.C. §112, first paragraph. 

Claims 15-18 and 20-25 have been rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Fong (The Journal of Infectious Diseases, 2000, Vol. 1 8 1 , Suppl. 3, pp. S5 1 4-S5 1 8) in view of 
Vlasselaer et al. (US 2001/0043906). The applicants respectfully traverse this ground for rejection 
because the cited references, taken either alone or in combination, do not disclose or suggest the 
claimed invention. 

It is well established in the patent law that the mere fact that the purported prior art could 
have been modified or applied in some manner to yield an applicant's invention does not make the 
modification or application obvious unless "there was an apparent reason to combine the known 
elements in the fashion claimed" by the applicant. KSR International Co. v. Teleflex Inc. , 550 U.S. 
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(2007). Furthermore, an applicant's invention is not "proved obvious merely by demonstrating 

that each of its elements was, independently, known in the (purported) prior art." Id. 

Claim 1 5 has been amended herein to recite that the present method is for reducing lethality 
and morbidity of a patient who has suffered an acute stroke wherein the anti-infective therapy is 
started within 72 hours following the stroke. Neither Fong nor Vlasselaer et al. provide any hints 
that such anti-infective therapy would lead to a reduction of lethality and morbidity of a patient, nor 
do they suggest a time window within which the anti-infective therapy can be started. The current 
time window of up to 72 hours after the occurrence of the acute stroke is a surprisingly long time 
window, and one which is not suggested by the prior art. 

Attached herewith is a copy of the publication "Guidelines for Management of Ischaemic 
Stroke and Transient Ischaemic Attack 2008" which on page 482 states that a preventive therapy 
after stroke using antibiotics is not recommended . Thus, the art as a whole actually contained 
disclosures that taught away from the current invention. 

An assertion of obviousness without the required suggestion or expectation of success in the 
prior art is tantamount to using applicant's disclosure to reconstruct the prior art to arrive at the 
subject invention. Hindsight reconstruction of the prior art cannot support a § 1 03 rejection, as was 
specifically recognized by the CCPA in In re Sponnoble, 56CCPA 823, 1 60 USPQ 237, 243 (1969). 

In the current case, the cited references, either taken alone or in combination do not disclose 
or suggest the applicants' advantageous method. Therefore, the applicants respectfully request 
reconsideration and withdrawal of the obviousness rejection under 35 U.S.C. §103 based on Fong in 
view of Vlasselaer et al. 
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In view of the foregoing remarks, the applicants believe that the currently pending claims are 
in condition for allowance, and such action is respectfully requested. 

The Commissioner is hereby authorized to charge any fees under 37 CFR § § 1 . 1 6 or 1 . 1 7 as 
required by this paper to Deposit Account No. 19-0065. 

The applicants also invite the Examiner to call the undersigned if clarification is needed on 
any of this response, or if the Examiner believes a telephonic interview would expedite the 
prosecution of the subject application to completion. 



David R. Saliwanchik 
Patent Attorney 
Registration No. 3 1 ,794 
Phone No.: 352-375-8100 
Fax No.: 352-372-5800 
Address: P.O. Box 142950 



Attachments: Copy of "Guidelines for Management of Ischaemic Stroke and Transient Ischaemic 



Attack 2008" 

Copy of "Preventive Antibacterial Therapy in Acute Ischemic Stroke: A Randomized 
Controlled Trial" 



Respectfully submitted, 




Gainesville, FL 32614-2950 
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Abstract 

This article represents the update of the European Stroke Ini- 
tiative Recommendations for Stroke Management. These 
guidelines cover both ischaemic stroke and transient isch- 
aemic attacks, which are now considered to be a single en- 
tity. The article covers referral and emergency management, 
Stroke Unit service, diagnostics, primary and secondary pre- 
vention, general stroke treatment, specific treatment includ- 
ing acute management, management of complications, and 
rehabilitation. 
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Foreword 

This article represents the update of the European 
Stroke Initiative (EUSI) Recommendations for Stroke 
Management, which were first published in this journal 
in 2000 [1, 2], and subsequently translated into a number 
of languages including Spanish, Portuguese, Italian, Ger- 
man, Greek, Turkish, Lithuanian, Polish, Russian and 
Mandarin Chinese. The first update of the recommenda- 
tions was published in 2003 [2], In 2006, the EUSI decid- 
ed that a larger group of authors should prepare the next 
update. In the meantime, a new European Stroke Society, 
the European Stroke Organisation (ESO), was established 
and took over the task of updating the guidelines. Ac- 
cordingly, the new recommendations have been prepared 
by members of both the former EUSI Recommendations 
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members of the Writing Group met in Heidelberg, Ger- 
many for 3 days in December 2007 to finalize the new 
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recommendations. The members of the Writing Com- 
mittee were assigned to six groups covering different top- 
ics. Each group was co-chaired by two colleagues, and 
included up to five further experts. In order to avoid bias 
or conflict of interest, none of the chairs had major in- 
volvement in clinical trials or studies discussed in their 
respective group. 

These guidelines cover both ischaemic stroke and 
transient ischaemic attacks (TIAs), which are now con - 
sidered to be a single entit y if recommendations differ for 
the two conditions, this will be explicitly mentioned; oth- 
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ment, specific treatment including acute management, 
management of complications, and rehabilitation. 
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dence will be continuously incorporated in the on-line 
version that can be found on the ESO website (www.eso- 
stroke.org). The reader i s adv ised to check the online ver- 
sion when making important treatment decisions. 



Introduction 

Stroke is one of r l l i I uiudii \ a id 
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. e i i ti ii • t i ' t ' lelween East- 

ern and Western Europe. This has bee.' d i 1 it 1 ii i I 
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and other risk factors resulting in more severe stroke in 
Eastern Europe [5]. Notable regional variations have also 
been found within Western Europe. Stroke is the most 
important cause of morbidih ' it >' disability r 
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Europe, and demographic changes will result in an in- 
crease in both incidence and prevalence. It is also the sec- 
ond most col i c t dementia, the most frequent 
cause of ep> U i t t_ t d a frequent cause of 
depression [< 
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agement or specific a s i n aw been pul 

lished during die last decade [2, 8-18], Most recently, the 
up uiUd I it i . i in i t t 

stroke care and research needs in Europe [19]. In the fu- 
ture, the global harmonization of stroke guidelines will be 
the focus of the World Stroke Organisation, supported by 
the ESO and other national and regional stroke societies. 



Public Awareness and Education 

.Ed ,■<■ | grammes to increase awareness of stroke at 
the population level are recommended (Class II. Level B) 

. t .liu:a;ii.nal programme , I. ■ increase stiv.xc awareness among 
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The 'time is brain' concept means that treatment of 
stroke should be considered as an emergency. Thus, 
avoiding delay should be the major aim in the prehospital 
phase of acute stroke care. This has far-reaching implica- 
tions in terms of recognition of signs and symptoms of 
stroke by the patient or by relatives or bystanders, the na- 
ture of first medical contact, and the means of transpor- 
tation to hospital. 

Delays during acute stroke management have been 
identified, at different levels [20]: 

• at the population level, due to failure to recognize the 
symptoms of stroke and contact emergency services 

• at the level of the emergency services and emergency 
physicians, due to a failure to prioritize transport of 
stroke patients 

• atthehosp ' hie to dela > in neuroiraaging and 
inefficient in-hospital care. 

A large amount of time is lost outside the hospital [21]: 
foi ill t H i i'i i in i ospital this 
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severity, but also denial of the disease and the hope that 
symptoms would resolve. This suggests that educating 
the population to recogn ize stroke symptoms, and chang- 
ing peoples attitudes to acute stroke, may reduce the de- 
lay from stroke onset to emergency medical service (EMS) 
involvement. 

Medical attention is rarely sought by the patient: in 
many cases contact is initially made by a family member 
[28-30]. Information and educational initiatives should 
therefore be directed both to persons at high risk of stroke 
unci also to those around them. 

Stroke awareness depends on demographic and socio- 
cultural factors, and on personal medical knowledge. 
Knowledge of stroke warning signs varies considerably, 
depending on the symptoms, and is dependent on the 
way questions are asked (e.g. open-ended or multiple- 
choice questions [31, 32]). 

While most people agree that stroke is an emergency, 
and that they would seek medical help immediately, in 
to i 11 u n i. 1 I 

tioner; in some studies between 45% and 48% of patients 
were referred via a gen -al m I'iot eh 33-36]. 

I t il s I 1 ( 

of patients recognize their own symptoms as stroke. 
There are considerable discrepair ; <. s be. .% eon theoretical 
knowledge of stroke and the reaction in case of an acute 
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stroke. Some studies have shown that patients with better 
knowledge o toms do not always arrive ear- 

lier at hospital. 

I he rn . ! i <_ ot stroke informa- 

tion are mass > < "- " v tiiends and relatives 
who have knowledge of stroke: only rarely is information 

lit l IV i 1 1 ' . 1 - i i 

sources accessed vary with age: older people more often 
oU i n ml ) pi t (i i i ' i 

eral practitioner, whereas younger people gain more in- 
formation from TV [38-40]. 

Interventio i di 1 ave measured the effect of ed- 
ucation on stroke knowledge. High I non-randomized 
studies measured the i I I i i>l > •>. i ' 
prehospital time delay or thrombolysis use [45-52]. In six 
studies, the intervention was a combined educational 
programme directed at the public, paramedics and health 
professionals, while in two studies education was direct- 
ed only to the population. Only the TLL Temple Founda- 
tion Stroke Project included a concurrent control group 
[50, 51]. All studies had a pre -post design. Thrombolysis 
usage increased after education in the intervention group 
of the TLL study, but only for up to 6 months after inter- 
vention ended [51]. This suggests that public education 
has to be maintained to sustain stroke awareness in the 
population. 

Education should also be directed to paramedics and 
emergency department (ED) staff to improve the accu- 
racy of stroke identification and speed up transfer to the 
hospital [53]. Education of paramedics increases stroke 
knowledge, clinical and communication skills and de- 
creases pte n ,pi \\ • \ s [54]. 

Educating medical students in basic stroke knowledge 
during their first year at medical school has been shown 
to be associated with a high degree of knowledge reten- 
!m>! I'he vaii raduate Iran 

11 ic' n j I d u t n | i u n for stroke 
specialists are still het • , 1 >mighout Europe. To 

overcome such heter. ;ent ly lu i ci the number 
of speciaiis s avuilai 1 >troke care, s me countries 
(e.g. France, UK) have developed and implemented na- 
tional curricula. In contrast, other countries rely on 
training specialization within neurology training pro- 
gt imtw >. With a vi ownrc ha noni? « ol train 
me <i I ui >'-> i » i i i ! i i loke Medi- 
cine (http://www.donau-uni.ac.at/en/studium/stroke- 
mdi 1 1 n 1 i i ii 

School (\ \- wv ., s.i -i i n se been estab- 
lished. 



Referral and Patient Transfer 
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• Immediate emergency room triage, clinical, laboratory and 
imaging evaluation, accurate diagnosis, therapeutic decision 
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treatment (Class III, Level O 

• It is recommended that in remote or rural areas telemedichie 
should be considered in order to improve access to treatment 




Successful care of the acute stroke victim begins with 
the recognition by both the public and health profession - 
als [56] that stroke is an emergency, like acute myocar- 
dial infarction (MI) or trauma. However, in practice the 
majority of ischaemic stroke patients do not receive re- 
combinant tissue plasminogen activator (rtPA) because 
they do not reach the hospital soon enough [22, 36, 57, 
58]. Emergency care of the acute stroke victim depends 
on a four-step chain: 

• rapid recognition of, and reaction to, stroke signs and 
TIAs 

• immediate EMS contact and priority EMS dispatch 

1 1 h ! i i I I ht .i i > iving 

hospital 

• immediate emergency roon t lini d laborato- 
ry and imaging evaluation, accurate diagnosis, and 
administration of appropriate treatments at the re- 
ceiving hospital. 

Once stroke symptoms are suspected, patients or their 
proxies should call EMS. The EMS system should have an 
electronic validated ■ i i • to diagnose 

stroke during the phone interview [33, 59], The ambu- 
lance dispatchers and paramedics should be able to ch- 
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agnose stroke using simple instruments such as the 
Face-Arm-Speech Test [60]. They should also be able to 
identil v an 1 , , , ipi late help for patients who 

need urgent ire b_. e of early complications or co- 
morbidities of -stroke, such as impaired consciousness, 
seizures, vo 1 1 > >■ u , , i m il I 

Suspected stroke victims should be transported with- 
out delay to the nearest medical centre with a stroke unit 
that can provide ultra-early treatment. Patients with on- 
U el ol ei i Inn i h i 1 i i ii ) 

ity in evaluation and transportation [20]. In each com- 
munity a network of stroke units or, if stroke units are 
not yet available, a network of medical centres providing 
organized acute stroke care should be implemented and 
publicized to the gen 1 i > ui o 11 mi >. 

and the emergency transport systems [61, 62]. 

If a doctor receives a call or consultation from a patient 
with suspected stroke, he or she should recommend or 
arrange transportation, preferably through the EMS sys- 
tem, to the nearest hospital with a stroke unit providing 
organized acute stroke care and ultra-early treatment. 
Ambulance dispatchers should inform the stroke unit 
and describe the patients clinical status. Proxies who can 
describe symptom onset or the patient's medical history 
should accompany the patient. 

Few intervention studies have examined the impact of 
decreasing the delay from symptom onset to arrival at the 
hospital and making ultra-early treatment accessible for 
a larger proportion of patients. Most such studies have 
used a before-and-after intervention design, were neither 
randomized nor masked with respect lo intervention or 
evaluation of outcome, and lacked concurrent controls 
[23, 53], The types of interventions included education 
and training programmes, helicopter transfer, telemedi- 
cine and reorganisation of pre-hospital and in-hospital 
protocols for acute stroke patients. 

Direct presentation to the ED via ambulance or EMS 
transportation is the fastest way of referral [28, 53, 63- 
65]. Helicopter transport can reduce the time between 
referral ami' a i pital 1 i [66 b", a id dso promotes 
i 1 1 s\ to di i hi i 

[68]. In mixed rural and urban areas, air and ground dis- 
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in stroke piti 1 i K rn i urn a 

patient grou I > ded shorter arrival 

times at distances less than 10 miles (£16 kin) from the 
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transport, aii istei nly for distances longer than 45 
m lies ( = 72 1 a i r , v i \ drowed that 
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helicopter transfer of patients with suspected ac ute isch- 
aemic stroke for poic i 1 1 1 i.n iIm s .s 1 1 i , 
[71]. 

Telemedicine using a bidirectional video-conferenc- 
ing equipment to provide health services or assist health 
care personnel at distant sites is a feasible, valid and reli- 
able means of facilitating thrombolysis delivery to pa- 
tients in distant or rural hospitals, where timely air or 
ground transportation is not feasible. The quality of treat- 
ment, complication rates, and short- and long-term out- 
comes are similar for acute stroke patients treated with 
rtPA via a telemedicine consultation at local hospitals 
and those treated in. academic centres [72-81]. 

Activation of the stroke code as a special infrastruc- 
ture with immediate (.ailing of a stroke neurologist at a 
stroke unit and priority transfer of the patients to this 
■ i i l i n l n vi - p i i n 

treated with thrombolysis, and also in shortening pre- 
hospital delays [82, 83]. 

Recent community and hospital-based studies dem- 
onstrated a high risk of stroke immediately after a TI A [6, 
84]. Observational studies showed that urgent evaluation 
at a TIA clinic and immediate initiation of treatment re- 
duces stroke risk after TIA [85, 86]. This underlines the 
need for urgent referral of TIA for expert evaluation and 
immediate treatment. 



Emergency Management 




In-hospital delay may account for 16% of total time 
lost between stroke onset and computed tomography 
(CT) [22]. Reasons for in-hospital delays are: 

I L It J (- I I 1,1 I 1 I 1 1 . 1 I I 

• inefficien t < p transport 

• delayed medical assessment 

• delay in imaging 

» n (etia 1\ ui i . in thrombolysis [20, 21, 

24]. 

Stroke care pathways may allow care to be organized 
i - tl t' ml . n 1 1 i ' dil not 

support their routine implementation. Such pathways 
may reduce delays in o n i itmenllim< 



si 4 - ■>< 461 



Table 3. Emergency diagnostic tests in acute stroke patients 

In all patients 

1 B in in ig: (71 01 MRI 

2 ECG 

3 Laboratory tests 

' mi k i ( i 1 , 

prothrombin t J 1 f i i 

> 11. '11 1 1 !>. , 

- C- reactive protein or sedimentation rate 

- Hepatic and i tal chei teal analysis 
When hidkuieti 

4 1 %l) i i i in i ii i i ] i i i 

5 MRAorCTA 

6 Diffusion i I'usiot IRi perfusion CT 

7 ! tin ii i i h i t i h n i ii 

8 Chest X-ray 

9 Pulse o ma "ii, i \ „ ai K 

10 Lumbar puncture 

1 1 EEG 

12 Toxicology screen 



door-to-imaging time [88, 89], door-to-needle time [89] 
and, where appropriate, door-to-arteriography time. 

Acute stroke care has to integrate EMS, ED staff and 
stroke care specialists. Communication and collabora- 
tion bet ween EMS, ED staff, radiologists, clinical labora- 
tories and i t. rologisls a i rtaitt foi apid deliver} 
of treatment [90-92]. Integrating EMS and ED staff was 
found to increase the use of thrombolysis [93]. Hospitals 
where patients are not delivered directly to a stroke unit 
should implement a system allowing the ED to pre-notify 
the acute stroke team as soon as possible. Routinely in- 
forming ED physicians or stroke physicians during trans- 
port has been shown to be associated with reduced in- 
hospital delay [82, 94-96], increased use of thrombolysis 
[93, 94], decreased length of hospital stay [96] and de- 
creased in-ho<pttai mortality [93]. 

A stroke recognition instrument with high diagnostic 

n • in u \ I n \> K II i 

li'w tigraim tnd inn t be a problem [98, 99]. 
St -nkc m ii <ndi"irns im, , . u . h .-, i. t \wnS_\e<. : 
I t id 1' i nl 1 [ i iil'i 

(ROSIER) can assist the correct recognition of stroke by 
ED personnel [60, 98, 100]. 

A neurologist or si » < 1 . should be involved 

in tin ii nl in 'ii 'v. 

ED [99]. Comj irint em ilogist care to non-neurologist 
care, t wo studies in the USA found that neurologists per- 
form more ex tensive and costly testing, but that their pa- 
tients had lov.t -r-:u- pin' an.. ••) -day mortality rates 



and were less dependent on discharge [101, 102]. How- 
ever, this might not be true for other countries like the 
UK, > h '<= • i kc n si 1 1 , i i in ii i t 

but are still highly skilled in management of patients with 
TIA and stroke. 

Reorganisation of stroke wards can help to avoid bot- 
tlenecks and unnecessary in-hospita! transport. Brain 
imaging facilities should be relocated in or next to the 
stroke unit or the ED, and stroke patients should have 
priority access [90]. Neuroradiologists should be notified 
i ( s I I i I i n i i his udy, in-ho pit ii 
delays were decreased considerably by moving the CT 
scanner close to the ED and by implementing a pre-noti- 
fying system [95]. Thrombolysis should be started in the 
CT room or in the vicinity of the scanner. Finally, an ar- 
teriography suite should be readily accessible if endovas- 
cular treatment is required. 

Written care protocols for acute stroke patients should 
be available; centres using such protocols were found to 
have higher thrombolysis rates [93]. Implementing a con- 
tinuous quality improvement scheme can also diminish 
in-hospital delays [81, 103]. Benchmarks should be de- 
fined and measured for individual institutions, and have 
recently been developed for regional networks and coun- 
tries. As a minimum requirement, door-to-imaging and 
door-to-treatment times should be monitored. 

While only a minority of stroke patients present in an 
immediately life-threatening condition, many have sig- 
nificant physiological abnormalities or comorbidities. 
Symptoms and signs which may predict later compli- 
cations such as space-occupying infarction, bleeding, or 
recurrent stroke, and medical conditions such as hyper- 
tensive crisis, co-existing MI, aspiration pneumonia, or 
cardiac and renal failure, must be recognized early. Stroke 
severity should be assessed by trained staff using the Na- 
tional Institutes of Health Stroke Scale (NTHSS) [104]. 

ill! t l| ' Ill 1 II ll 1 

• observation of breathing and pulmonary function 

• early signs of dysphagia, preferably with a validated 
assessment form [105] 

» evaluation of concomitant heart disease 

• i I d i 1 1 1 ' I I 1 ht II t I, it, 

• determination of arterial oxygen saturation using in- 
frared pulse oximetry if available. 

i 1 1 i t 

ih ' o , , i I d 

drawn, and a venous line inserted. The examination 
should be supplemented by a medical history that includes 
risk factors tor stroke and cardiac disease, medications, 
conditions that may predispose to bleeding complications, 
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and markers for stroke mimics. A history of drug abuse, 
oral contraceptive < ection, t mma or migraine may 
give important clues, parlicularlv in voung patients. 



Stroke Services and Stroke Units 



,a!d b ru ltd 



■ It is recommended th 
u a A eke ui.it C,^~ 

' i ldc * -thi i 

stroke patients have access to hightech nokmy medical and 
surgical stroke care when required (Class IH.Ycvcl B) 
. 1 eveiopmei ticaJ k ling't femed 

. it, l ,i.ui .i.aiJt | ' < h Ji f in. ._, 
pedal to i Class 1L L' IB) 



Table 4. Recoroi 
stroke patients 



Availability of 24 hour CT s, 
ning 

Established stroke treatment 
guidelines and operational p 
dures, including intravenous 
rtP A protocols 24/7 



Providing Stroke Services 

All. acute stroke patients require specialist multidisci- 
plinary care delivered in a stroke unit, and selected pa- 
tients will require additional high-technology interven- 
tions. Health services need to establish the infrastructure 
to deliver these interventions to all patients who require 
s from stroke 



>r excluding 
n does not warrant active n 
sus documents [11, 106] hav< 
y and comprehensive stroke 



MRI/MRA/CTA 



Tiauisoesophageal echocardi- 
ography 



Close co-operation of neurolo- 
gists, internists and rehabilitation 

Specially trained nursing pers, 



t i t , i in [ i| , 



nel 



1 ra iscr una! I >op .lei ; nogi ) 

phy 



t ' d i in u\ 

unit rehabilitation including 
speech therapy, occupational 
therapy and physical therapy 
Nei t I i i i i > in 
within 24 h (extracranial Doppler 



irxtracranial and intracranial 

( lloil l 1 l L 1.1,1' I, I 

phy 

Specialized neuroradiological, 
neurosurgical and vascular 
surgical consultation (includ- 
ing teletnediane networks) 

Carol id surgery 



them: the only rea; 
units is if their co: 
agement. Recent c( 
fined the roles of p: 
tres (table 4). 

Primary stroke centres are defined as centres with the 
necessary staffing, infrastructure, expertise and pro- 
grammes to provid ippropri ed tgnosis and treatment 
for most stroke patients. Some patients with rare disor- 
ders, complex stroke, or multi-organ disease may need 
more specialized care and resources that are not available 
in primary stroke centres. 

Comprehensive stroke centres are defined as centres 
that provide both i m ad treatment 

for most stroke patients, and also high- technology medi- 
cal i <l migu tl e lie (nev \ I (1 eh d ta 
methods cpeui' 'td u ' i , i ng of mul- 
tiple \ h, 1 > [ i t 1 i i 1 
\ ase tlai s i 1 /, neurosurgery). 

I h ' i 1 ' 

le i ,n in ait 1 v 1 i I u p i_o ti 

previously a\ ailabl >' t i > >n t 1 i n , i t 

ot i ' , 1 >.' I i ' t -. t 1 , , ' i , 

safe [107]. Clinical networks using telemedicine systems 
achieve increased ust u • 'uhi and better stroke 

care arid clinical i - n , >' 



Laboratory 
eluding coagul; 

Monitoring of blood pressure, 
K i 

glucose, body temperature 



Angioplasty and slotting 

Automated monitoring of 
pulse oximetry, blood pressure 

'hi as ' i nk of reha- 
bilitation facilities to provide 
a continuous process of care, 
including collaboration with 
at babili wi >n • nin 



Stroke I 'nit Care 

An updak , ita ,'iew has confirm, I 
cant reductions in death (}% absolute reduction), depen- 
dency (5°t i • ) mi , tu 1 , 
need for institutional care (2% reduction) for patients 
treated in a stroke unit, compared with those treated in 

c It d n n 1 ] i i , , uf i 

der, age, stroke subtype and stroke seventy, appear to 
benefit from treatment in stroke uniis [61, 109]. These 
results have been conl < I i attonal stud- 

i < c ,t l,t,i sit i ike unit 

care is more costly than treatment on genera! ncarologi- 
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cal or medical wards, it reduces post-acute inpatient care 
costs [113, 114] and is cost-effective [115-118]. 

A .i . i- i i , •> . * f.e area of a hospital 
ward that exclush - oi 1; o ri.isively takes care of 
stroke patients and is , un ^ i sjc i n 'tc^ 
pi i nary team 61] h i i 1 lines of the team are 
ntdi i j. I h i| ' ii i 

(OT), speech and language thei >y ( FT) nd social work 
[119].Themnl i t \ team should work in a coor- 
di i ted in i n m_ n ii i 

Ldte 1'iot i hi ii - i ii 1 ,l i mi il i ' .ml u ' 
should be provided [119]. The typical components of 
stroke unit care in stroke unit trials [119] were: 

• medical assessment and diagnosis, including imaging 
(CT, magnetic rescn. , > ng \JRJ), and early as- 
sessment of nursing and therapy needs 

• early management, consisting of early mobilization, 
prevention of complications, and treatment of hypox- 
ia, hyperglycaemia, pyrexia and dehydration 

• ongoing rehabilitation, involving coordinated multi- 
di-,i ipb i mi i an , i ' i 1 - 1 1 .1 d , 
after discharge. 

Both acute and comprehensive stroke units admit pa- 
tients acutely and continue treatment for several days. 
Rehabilitation stroke units admit patients after 1-2 weeks 
and continue treatment and rehabilitation for several 
weeks if necessary. Most of the evidence for effectiveness 
comes from trials of comprehensive stroke units and re- 
habilitation stroke units [61, 120]. Mobile stroke teams, 
which offer stroke care and treatment in a number of 
wards, probably do not influence important outcomes 
and cannot be recommended [121]. Such teams have usu- 
ally been established in hospitals where stroke units were 
not available. 

The stroke unit should be of sufficient size to provide 
specialist multidisciplinary care for the whole duration of 
hospital admission. Smaller hospitals may achieve this 
with a single comprehensive unit, but larger hospitals 
may require a pathway of care incorporating separate 
i i 



Diagnostics 



In pa:i n s fh ,u^v. ' 1 1 4 ot stroke, urgent ennu il < ! 
(Class 1), < , , anvvi \-Rl (Cfeis II), is reconm.ei \" 
(Level A) 
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. ff MR1 is ust'd, the inclusion ot l,f is n v ighted imaging 
(OVVf) and Tv'-weightcd gr.Hl.ent cri:,, ... •>- 

mended (Class IL level A) 

♦ In patients With TIA. minor -:r. <.r c/. i !'.' -.ruim-m-oa . ;,. 

UAt \,Iii i t 1 I > (I 

cular imaging (ultrasound. t'.T angiography, »r MR angiog- 
m ' >m t l c-. 1 K i A i 

li i 1 l i in nd supplying vessels is crucial 
in the assessment of patients with stroke and TIA. Brain 
1 1 * uis, schaemi jtrok In i intracrani- 

al haemorrhage and stroke mimics, and identifies the 
type and often also the cause of stroke; it may also help 
to differentiate irreversibly damaged tissue from areas 
that may recover, thus guiding emergency and subse- 
quent treatment, and may help to predict outcome. Vas- 
cular imaging may identify the site and cause of arterial 
obstruction, and identifies patients at high, risk of stroke 
recurrence. 

General Principles 

Stroke victims should have clear priority over other 
patients for brain imaging, because time is crucial. In 
patients with suspected TIA or stroke, general and neu- 
rological examination followed by diagnostic brain im- 
aging must be performed immediately on arrival at the 
hospital so that treatment can be started promptly. In- 
vestigation of TIA is equally urgent because up to 10% of 
these patients will sul'u >ti ikf ithin the next 48 h. Im- 
mediate access to imaging is facilitated by pre-hospital 
notification and good communication with the imaging 
facility: stroke services should work closely with the im- 
aging department to plan the best use of resources. 

Diagnostic imaging must be sensitive and specific in 
detecting stroke pathology, particularly in the early phase 
of stroke. It should provide reliable images, and should be 
technically feasible in acute stroke patients. Rapid, fo- 
cused neurological assessment is helpful to determine 
which imaging technique should be used. Imaging tests 
should take into account the patient's condition [122]; for 
example, up to 45% of patients with severe stroke may not 
tolerate MP. i-iiip li«> i < their medical condi- 

tion and contraindications [123-125]. 

Imaging in Patients with Acute Stroke 
i its admitted ith i hoi > I rn i\ bt 

• ( 'i .. 1 i s [ ,,< ' l l li ist 

ally sufficient to guide routine thrombolysis. Patients ar- 
riving later may be candidates for trials testing extended 
time windows for thrombolysis or other experimental re- 
perfusion strategies. 
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Plain CT is widely available, reliably identifies most 
stroke mimic and sti ^rushes acute ischaemic from 
haemorrhagic stroke within the first 5-7 days [127-129]. 
Immediate CT scanning is the most cost-effective strat- 
egy for imaging acute stroke patients [130], but is not sen- 
sitive for old haemorrhage. Overall, CT is less sensi- 
tive than MRI, but equally specific, for early ischaemic 
changes [131 > thii i i with moderate to 
severe stroke have visible ischaemic changes within the 
first lew hours [131-135!. but no more than. 50% of pa- 
tients with minor stroke have a visible relevant ischaemic 
lesion on CT, especially within the first few hours of 
stroke [136]. Training in identification of early ischaemic 
changes on CT [135, 137, 138], and the use of scoring sys- 
tems [134], improve detection of early ischaemic chang- 

Early CT changes i n iscbaem ic stroke include decreas- 
es in tissue X-ray attenuation, tissue swelling with efface- 
ment of cei el t . p j| fluid p < id erial hyperat- 
tenuation, which indicates the presence of intraluminal 
thrombus with high specificity |139|. CT is highly spe- 
cific for the early identification of ischaemic brain dam- 
age [132, 140, 141]. The presence of early signs of isch- 
aemia on CT should not exclude patients from throm- 
bolysis within the first 3 h, though patients with a 
hypoattenuating ischaemic lesion which exceeds one 
third of the middle cerebral artery (MCA) territory may 
benefit less from thrombolysis [126, 134, 135, 142, 143]. 

Some centres prefer to use MRI as first-line routine 
investigation for acute stroke. MRI with DWI has the ad- 
vantage of hit- in 1 ' i > ly ischaemic changes 
than CT [1 31]. This higher sensitivity is particularly use- 
ful in the diagnosis of posterior circulation stroke and 
lacunar or small cortical infarctions. MRI can also detect 
small ami 1 1 hi sn li , >i of > i - f 3 
T 2 * (gradient echo) sequences [144]. However, DWI can 
I 1 tivt in patients with definite stroke [145]. 

Restricted diffusion on DWI, measured by the appar- 
ent diffusion o 1 ic i tii not 100% specific for 
ischaemic hn" i 1 • h ^ t 1 tissue on 

DWI often proceeds to infarction it can recover, which 
indicates that DWI does not show only permanently 
damaged tissue [146, 147]. Tissue with only modestly re- 
duced ADC values may be permanently damaged; there 
is as yet no reliable ADC threshold to differentiate dead 
from still viable tissue [148, 1491. Other MRI sequences 
(T 2 , FLAIR, I|J ire ess s i he early detection of 
ischaemic brain damage. 

MRI n p ' t it e e.i>u \it ,1 

with unusu n > < t i , i > r 



mon aetiologies, or in whom a stroke mimic is suspected 
but not clarified on CT. If arterial dissection is suspected, 
MRI < t > \\ i i t , i 1 t idiid 

uen - i- q , d 1 > > . ct intramural haematoma 

MRI is less suited fo u tic.u tor those who 
i i i -n ins i a ai,i 

port should be continued while the patient is being im- 

1 ia1 n 1 , > jpi ci , 1 1 is > i c ercstro ! ' i 
become hypoxic while supine during imaging [125]. The 
risk of aspiration is increased in the substantial propor- 
ii t its in arc in bk > pi heii vaj 

Perfusion imaging with CT or MRI and angiography 
may be used in selected patients with ischaemic stroke 
(e.g. unclear lime window, iale admission) to aid the deci- 
sion on whether to use thrombolysis, although there is no 
clear evidence that patients with particular perfusion 
patterns are more or less likely to benefit from throm- 
bolysis [150-153]. Selected patients with intracranial ar- 
terial occlusion may be candidates for intra-arterial 
thrombolysis, although then is end m d evidence to 
support this [154, 155]. Patients with combined obstruc- 
tions of the internal carotid artery (ICA) and MCA have 
less chance of recovering with intravenous thrombolysis 
than patients with isolated MCA obstructions [156]. In 
patients with MCA trunk occlusions, the frequency of 
severe extracranial occlusive disease in the carotid distri- 
bution is high [157, 158], 

Mismatch between the volume of brain tissue with 
critical hypoperfusion (which can recover after reperfu- 
sion) and the volume of infarcted tissue (which does not 
recover even with reperfusion) can be detected with MR 
diffusion/perfusion imaging with moderate reliability 
[159], but this is not yet a proven strategy for improving 
the response to thrombolysis up to 9 h [160]. There is dis- 
agreement on how to best identify irreversible ischaemic 
brain injury and to define critically impaired blood flow 
[150, 153, 161]. Quantification of MR perfusion is prob- 
lematic [162], and there are ^ ill I i ! issociations 
between perfusion parameters and clinical and radiolog- 
ical outcomes [1501. Decreases in cerebral blood flow on 
1 i ' i it u i i 1 ^ 151, 

152], but the therapeutic value of CT perfusion imaging 
is not yet established. Although infarct expansion may 
occur in a high proportion of patients with mismatch, up 
to 50% of patients without mismatch may also have in- 
farct growth and so might benelu !rom tissue salvage 
[153, 163]. The 'imaging/clinical' mismatch, i.e. the mis- 
match between the extent of the lesion seen on DWI or 
CT and the extent of the lesioi p d from t he se 
verity of the neurological deficit, has produced mixed re- 
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suits [164, 165]. Hence, neither perfusion imaging with 
CT or MRI nor the mismatch concept can be recom- 
mended for routine treatment decisions. 

Microhaemorrhages are present on T 2 * MRI in up to 
60% ofpatiei , i r > t 1 a sw 

ated with older age, hypertension, diabetes, leukoaraio- 
sis, lacunar stroke, and amyloid angiopathy [166], The 
incidence of symptomatic intracranial haemorrhage fol- 
lowing thrombolysis in ischaemic stroke patients was not 
inert iscd U hose having t cbral in it ibket on pn 
treatment T 2 *-weighted MRI [167]. 

Vascular imaging should be performed rapidly to 
ick iiily pat ienls will lit sym i iti i crial stenosis 
who could benefit from endarterectomy or angioplasty. 
Non-invasive imaging with colour-coded duplex imag- 
ing of the extracranial and intracranial arteries, CT an- 
giography (CT A) oi ' i i i ed MR angiography 
(CE-MRA) is widely available. These approaches are rel- 
it \i in I i i m > 1 h 
1-3% risk of causing stroke in patients with symptomatic 
carotid lesions 1168 I69|. Digital .subtraction ti > ' 
phy may be needed in some circumstances, for example 
when other tests have been inconclusive. 

Carotid ultrasound, MRA and CTA visualise carotid 
stenosis. Systematic reviews and individual patient data 
meta-analysis indicate that CE-MRA is the most sensitive 
and specific non-invasive imaging modality for carotid 
artery stenosis, closely followed by Doppler ultrasound 
and CTA, with non-contrast MRA being the least reliable 
[170, 171]. 

Some data suggest that vertebrobasilar TI A and minor 
stroke are associated with a high risk of recurrent stroke 
[172], Extra. li h ral ti sni . mosis is use- 
ful, but intracranial ultrasound of the vertebrobasilar 
system can be misleading due to low specificity. Limited 

ll hilt 1 

better non-invasive imaging of the intracranial vertebral 
and basilar arteries [173]. 

Unlike other imaging inodalit es ultrasound is fast, 
non-invasive and can be administered using portable 
mat hnn , 1 i I > i | 1 i > t 1 1 i 

co-operate with MRA or CTA [158]. However, Doppler 
j'liu aiiim ilt o I , it v n are 

investigatoi 1 pend 1 t juirt skilled operators, al- 

though the} a ov, !••!•>., .' measurements at the bed- 
side. 

> 1 , i i 1 i it ti n n t t 

1 1 1 l in n t I i 

ies at the bi^t oi e si nil However, between 7 and 20% 
of in i 1 > n >t' t tl tn 



and those from certain ethnic groups do not have an ad- 
equate acoustic window [174, 175]. This problem can be 
considerably reduced by using ultrasound contras t age 1 1 1 s , 
which also allow perfusion studies in the acute phase 
[176-178] and contuu a, in • i > , i ebrai haemo- 
dynamic responses [179]. The combination of ultrasound 
i i - 1 n i; -' and MRA reveals excellent results 
it il ' L i i a 1 

i i 1 b i n! at u . i i 

tients with occlusive extracerebral arterial disease (par- 
ticularly carotid stenosis and occlusion) and inadequate 
collateral supply, who are at increased task of recurrent 
stroke [181, 182]. TCD is the only technique that detects 
circulating intracranial emboli [183], which are particu- 
larly common in patients with large artery disease. In pa- 
tients with symptomatic carotid artery stenoses, they are 
i , i t J i di tor oJ <ail\ teuurrent stroke 
and TI A [184], and have been used as a surrogate marker 
to evaluate antiplatelet agents [185]. TCD microbubble 
detection can be used to identify a right-to-left shunt 
which mainly results from a patent foramen ovale (PFO) 
[186]. 

Imaging in Patients with TIA, Minor Non-Disabling 
Stroke, and Stroke with Spontaneous Recovery 
Patients presenting with TI A are at high risk of early 
recurrent stroke (up to 10% in the first 48 h) [187]. They 
therefore need urgent clinical diagnosis to treat associ- 
ated general abnormalities, modify active risk factors and 
identify specific treatable causes, particularly ar terial ste- 
nosis and other embolic sources. Vascular imaging is a 
priority in those patients with TIA or minor stroke, more 
than in those with major stroke in whom surgery is not 
going to be of benefit in the short term. Immediate pre- 
ventive treatment will reduce stroke, disability and death 
[86, 188]. Simple chna il scoi i ; at ms can be used to 
identify patients at particularly high risk [187]. Patients 
with minor non-di?a ! i • <. i d upid spontaneous 

clinical recovery are also at high i > urrent stroke 
[58]. 

Patients with widely varying brain pathology may 
t i h i i 1 i I > it li ti i 

guishable from TIA. CT reliably detects some of these 
pathologies (e.g. intracerebral haemorrhage, subdural 
haematoma, tumours) [130], but others (e.g. multiple 
1 i ' 1 i b in in t 

i' t 1 ' > 1 I % I il h itu met i 

bolic disturbances) are not visible at all. Intracranial 
haemorrhage is a rare cause of TIA. 
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Between 20-50% of patients with TIAs may have 
acute ischaemic lesions on DWE [145, 189, 190]. These 
patients are at increased risk of early recurrent disabling 
stroke [1 90]. However, there is currently no evidence that 
DWI provides heller stroke prediction than clinical risk 
scores [19 ij. The risk of recurrent disabling .stroke is also 
in t i t \ I 1 \ 1 t< < 

[192]. 

The ability of DWI to identify very small ischaemic le- 
sions may be particularly helpful in patients presenting 
late or in i | on ing > e in 

whom ih " in i ill mil I i >1 
ical grounds [131]. T 2 * MRI is the only reliable method to 
idenlifoht n i « a 1 1 t the acute phase, when blood 
is no longer visible on CT [144]. 



Other Diagnostic Tests 

Recomniendiilwin 

• In patients with acute stroke and TIA, early clinical evalua- 
tion, including >h <p.~n] parameters and routine blood 
tens, is reeo nmend d tClass 1, 1 evd A) 

i'ji i! ho' ■ i • vvi it* « ti.u a hi 1 1 1 „ 
> < o in . idi 1 (tab s 3 md 3) 

t u 1 tint ali au.tL ■■\<>1 i u! !i J . rmi rc, 

i fo i i t aii i | 1 ' C ) jn dd 

Hon, continuous KCG recording .•ccnmmcr.ded for isch- 

' i >t J I n i I i,s I i ■ , I \ 

• 1 is recommended that for stroke and TI A patients seen after 
the acute phase, 24-huur Hoiter ECG monitoring .viiould he 

ed \%-hcL nrhyt n a are s • ie<.ted tod i< o her 



Cardiac Evaluation 

Cardiac and ECG abnormalities are common in acute 
stroke patients [193J. In particular, prolonged heart rate 
corrected Ql In \ 51 epre > , and T wave inver- 
sion are prevalent in acute ischaemic stroke, especially if 
the insular cortex is involved [194, 195]. Hence, all acute 
stroke and TIA patients should have a 12-channel ECG. 

i ihi i i i i ! > 

1 1 II 1 , s . *• 

cardiac art lias. It is lit i uous 

ECG i ' i ' nl i ,1 i it i 

mo ii , ill 11 i i t I 

acute st) i 1 i i i ! 1 i 1 ! t 1 

routine ECG for the detection of AF in patients antici- 
pated to have thromboembolic stroke with sinus rhythm 
[1961; however, serial 12-cliannel , might he sufficient 



Table 5. Subsequent laboratory tests, according to the type of 
stroke and suspected aetiology 

All patients Fullblin. 'it 0 ..tes, gin 

1 . - i nine < KP ot 
erythrocyte sedimentation rate 



Cerebral venous 

thrombosis, 

hypercoagulopathy 



Bleeding disorder 



Vasculitis or 
systemic disorder 



Tli i >ophilia screen, ATS, factor 
2. 5, mutations, lacier 8, n; caeui (",. 
i i ti i sphoiipid anti 

bodies, d-dimer, homocysteine 

I N is, activated partial thrombo 
plastin time, fibrinogen, etc. 

1 i 1 autoantibody 

screen, specific antibodies or PGR 
for HIV, syphilis, borreliosis, tuber - 
i illi ' i ning 
blood culture 



Genetic testing 



to detect new AF in a stroke unit setting [197]. A recent 
systematic review found that new AF was detected by 
Hoiter ECG in 4.6% of patients with recent ischaemic 
stroke or TIA, irrespective of baseline ECG and clinical 
examination [198J. Extended, duration of monitoring, 
prolonged event loop recording, and confining Hoiter 
monitoring to patients with non-lacunar stroke may im- 
prove detection rates [199]. 

i d o ii dn i , , , ii m< , nn 1 hi a i 
stroke [200], but there is controversy about the indica- 
tions for, and type of, echocardiography in stroke and 
TI A patients. Iran soesophageal echocardiography (TOE) 
has been claimed to be superior to transthoracic echocar- 
diography for the detection of potential cardiac sources 
of embolism [201], independent of age [202]. 

l hi i ih r 1 1 i ■ lequired in patients 
with: 

• evidence of cardiac disease on history, examination, or 
ECG 

• suspected cardiac source of embolism (e.g. infarctions 
in multiple cerebni -i i i iiuuksj 

• suspected aortic disease 

• suspected paradoxical embolism 

. no other :d > ' 1 »es of stroke. 



Table 6. N X i i , i -.ttokc per year in patients who un- 

» 1 v- ' > »l 1 horn Hankey and War- 

low [583] and Rothwell etal, [339]) 



Disease NKTto ivoid 
one stroke/ yea « 

Symptomatic (>50%) in men 45 

Symptomatic ( ' i i i 180 

Symptomatic (>50%) >75 years 25 

Symptomatic (>50%) <65 years 90 

Symptomatic t >0%) >w \fter tl event 25 

Symptomatic (>50%) > i 2 weeks after the event 625 

Symptomatic (<50%) No benefit 



All percentages reflect the NASCET method. 



Transthoracic echo card too ipb i'i i i ii 
uation of mural thrombi, particularly in the apex of the 
left ventricle; this technique has >90% sensitivity and 
specificity for ventricular thrombi after MI 1203]. TOE is 
superior for evaluation of the aortic arch, left atrium, and 
atrial septum [200]. It also allows risk stratification for 
further thromboembolic events in patients with AF 
[204]. 

The role of cardiac CT and cardiac MRI in the detec- 
tion of embolic sources in stroke patients has not been 
evaluated systematically. 

Blood Tests 

i n't i Jin I i nl i II ) 1 lis! - 

ed in table 3. Subsequent tests depend on the type of 
stroke and suspeclt d k* oi <<> > able 5). 




. HP should b I - t .,i ■ „, icndcd thai high 

I't' s H u a 1 1 I 1 j t 

-u u d 't J ph *"* to '(■ <k A the • • ■ - t ; t< el A) aiming 

rn il , L J 1 i i • ,' e i l 

hypertensive 1120-1. WHO- 'H> mm Hg! with congestive heart 
failure. MI. diabetes, or chronic r. ml tr.lM.'t .m' ihyDn tf.n- 
il lice! 11,1 ldicav lit la-s 1, E. I -c l 

• Blood glucose should be checked leipraHy !: \, recommend- 
ed that diabetes should be manacied i-::n :t!e-tylo moditira 

!*•" .:nd k:divid;;.i!i/.t d phji m.i..oloe;i-..d tiieiap-. (Ctas, IV. 
In t I 'ml t'nt'i it. HjuilMu Id Mn^Jm 
i el ' 1 t i t \ V 1 Si l 1 

Hg (Class IV, Level Q. Where possible, treatment should m 
cliideai) angiotensin-converting enzyme inhibitoi or angio- 
tensin receptor antagoni^ (Class I, Level A) 
. I! i o o.i n I i it] It is .i-ii 

mended that high blood cholesterol (e.g. LDL >150 rng/dl; 
3.9 mM) should hi: managed with iifest vie modification iClass 
1 lu 1 * i md sta mil las, level U 

• It is tecomna a u-.-.i Mr.! . ivarelte smoking be discouraged 
(Class HI, level Hj 

• H is recommended that heaw use of alcohol he discouraged 
{Class UC level 8) ' * e :. AC 

• fA t ariKscd aeto r iso i,i i U ). I 1 la - EH, Level B) 
» A die- b \ in salt ; nd salui ued i ligh fi i vegeia 

tic, and ikIi in fibre is r ,m a ded « i sss ill, 1 evel B) 

• Saba , v. uii an el i h.nli mj iivdcis arc recommended 

• Antioxidant vitamin supplements are not recommended 
(Class i, Level A) " . / 

. Hormone replacement therapy is not recommended tor the 
ir m r < i j i i i 

A healthy lifestyle, consisting of abstinence from 
smoking, low-normal body mass index, moderate alcohol 
consumption, regular exercise and healthy diet, is associ- 
ated with a reduction in ischaemic stroke (RR 0.29; 95% 
CI 0.14-0.63) [205], 



Primary Prevention 

I li U'l >! | i l 1 1 ! ill l^i 

stroke in asymptomatic people. Relative risk (RR), abso- 
lute risk (AR), odds ratio (OR), numbers needed to treat 
(NNT) to avoid one major vascular event per year, and 
numbers needed to harm to cause one major complica- 
tion pei year, are ivided mi pi Is 
6-8. 



High Blood Pressure 

A high (>1 20/80 mm Hg) BP is strongly and directly 
related to vascular and overall mortality without evidence 
of any threshold [206]. Lowering BP substantially reduces 
stroke and coronary risks, depending on the magnitude 
of the reduction [207-209]. BP shouldbe lowered to 140/85 
mm Hg or below [210]; antihy p l > it ( ouKl 

be more agg s - luix n ts on below) [211]. 

a i ii "I ii in in ii Ii l l l i* , a 

1 e 'i > a.esc targets 

' ). 1 M ( I ill ill ! I 11 il S i 

that any class is superior [207, 208, 212]. However, the 
fuFF iso 1 i > i , i , in" reduction in 
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Table 7. RjR reduction (RUR), AR reduction (ARR) and N NT to a\ oid one major vascular event per year in pa- 
tients with antithrombotic therapy (modified from CAPRIE Ml i„ u i ! ides et al [322], 
Hankey and Warlow [583J) 



Disease Treatment RRR *RR N 7 NT to avoid 

% u ,t 1 i\cni -c it 



Non -cardioembolic Aspirin/PCB 13 1.0 100 

ischaemic stroke or TIA Aspirin + D1P/PCB 28 1.9 53 

Aspirin + DIP/aspirin 18 1.0 104 

Clop/PCB 23 1.6 62 

Clop/aspirin 10 0.6 166 

Atrial fibrillation Warfarin/PCB 62 2.7 37 

i pi ition) Aspirin/PCB 22 1.5 67 

trial fib till at ion Warfarin/PCB 67 8 13 

- >' ' ii i !<•'. 1 [ ii in i it 21 2.5 40 



i ' ' i 1 i t > i I I > 'i[ < i 1 



Table 8. RRR, ARR and Is'NT to avoid one major vascular event per year in patients with risk factor modifications (modified from 
Yusufet al. [288], PROGRKSS Collaborative Group [290], Amarenco ctal. [294), Hankey and Warlow [583]) 





Treatment : T :' 


RRR 


ARR 


w: to avoid 






% V 'bo. 


'"'tea: 




General pop nl no . in h i ased BP 


Antihypertensive 


42 


0.4 


250 


General population with increased vascular risk 


ACE inhibitor 


22 


0.65 


154 


'Post-stroke/TIA with increased BP 


Antihypertensive 


31 


2.2 


45 


Post-stroke/TIA with normal BP 


ACE inhibitor ± diuretic 


24 


0.85 


118 


Post stroke/TIA 


Statins 


16 


0.44 


230 




Smoking cessation 


33 


2.3 


43 



hypertension) trial found that losartan was superior to 
Ucnoloi in b t ni I i t 

pertrophy (NNT to prevent stroke 270) [213, 214]. Simi- 
larly, the ALLHAT (Antihypertensive and Lipid-Lower- 
ing treatment to prevent Heart Attack) trial found that 
chlorthalidone was more effective than amlodipine and 
lisinopril [215]. Beta-blockers may still be considered an 
opti >n r "f '■ 1 ubsccu i ensive treat- 

n ( d [ ' '<)] i i i 1 , -> ii > ' m r i 

folic hypertet < i st c BP >140 mm Hg and diastol- 
ic BP <90 mm Hg) is beneficial [208, 216]. 

Diabetes Mellitus 

There is no \ i 1 it i b < control 

reduces stroke [217]. In diabetic patients, BP should be 
K. v< ltd ( fi F > .i i 

statin reduces the risk of major cardiovascular (CV) 
events, includi ; » e 218 -220]. 



Hyperiipidaemia 

In a review of 26 statin trials (95,000 patients), the in- 
cidence of stroke was reduced from 3.4 to 2.7% [221], This 
was due mainly to a reduction in non-fatal stroke, from 
2.7 to 2.1%. The review included the Heart Protection 
Study which was, in part, a secondary prevention trial 
[222]; this * i n f myopa b) ol one per 

10,000 patients treated per annum [222]. There are no 
data to suggest that statins prevent stroke in patients with 
low-densit) ; -oproteii) olesterol below 150 mg/dl (3.9 
mM). 

Cigarette Smoking 

' M i >n I i i u I 1 i 

< i I ii n.ic sl to I e 

[223] in both men and women [224-228]. Spousal ciga- 
rette smoking may be associated with an increased stroke 
risk [229]. A meta-analysis of 22 studies indicates that 
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not i Li ,dia mie s u <. ke [230] Sub- 

jects who st( m - i ;d«ce this risk by 50% [225]. 

I 1 1 1 li 1 1 C 

able health and economic benefits [231]. 
Alcohol Consumption 

Heavy alcohol drinking (>60 g/day) increases the risk 
of ischaemic stroke (RR 1.69; 95% CI 1.34-2.15) and 
haemorrhagic stroke (RR 2.18; 95% CI 1 .48-3.20). In con- 
t i ' _ l i t Ij \ ltd i 

reduction in all stroke (RR 0.83; 95% CI 0.75-0.91) and 
ischaemic stroke (RR 0.80; 95% CI 0.67-0.96), and mod- 
erate consumption (12-24 g/day) with a reduction in 
ischaemic stroke (RR 0.72; 95% CI 0.57-0.91) [232]. Red 
wine consumption is associated with the lowest risk in 
comparison with other beverages [233|. BP elevation ap- 
pears to be an import;) m intermediary in the relation be- 
tween alcohol consumption and stroke [234]. 

Physical Activity 

In a meta-analysis of cohort and case-control studies, 
physically active individuals had a lower risk of stroke or 
death than those with low activity (RR 0.73; 95% CI 0.67- 
0.79). Similarly, moderately active individuals had a low- 
er risk of stroke, compared with those who were inactive 
(RR 0.80; 95% CI 0.74- 0.86) [235]. This association is me- 
diated, in part, through beneficial effects on body weight, 
BP, serum cholesterol, and glucose tolerance. Leisure- 
based physical activity (2-5 h per week) has been inde- 
pendently associated with a reduced severity of ischaemic 
stroke at admission and better short-term outcome 
[236] . 

Diet 

Fruit, Vegetable, and Fish Intake 

In observational studies, high fruit and vegetable in- 
take was associated with a decreased risk of stroke, com- 
pared with lowt i tab R R on increment of 2 
servings/day; 95% CI 0.93-1.00) [237]. The risk of isch- 

l' 11IK > toil \ II I I \ O I 1 

least once per month (RR 0.69; 95% CI 0.48-0.99) [238]. 
Whole grain intake was associated with a reduction in 
CV disease (OR 0.79; 95% CI 0.73-0.85) but not stroke 
[239]. Dietary calcium intake from dairy products was 
,inmk m ed 1 >v 1 1 ht\ ' i n . 1 . i i u ii. 

populatioi 'I'n - in a further study there was 
no interaction between the intake of total fat or choles- 
terol, and stroke risk in men [241]. 

lii i i i n i ial in woi len, dietary 

nfe n i on hicc dence of coronary 



events and stroke despite there being an 8.2% reduction 
of total fat intake and an increased consumption of veg- 
etables, fruits and grains [242]. 

Body Weight 

A high body mass index (>25) is associated with an 
increased risk of stroke in men [243] and women [21 If 
sui p.J; mod alcd In oncornitant arterial hypertension 
and i < ^ < d i i it i i 1 i ioi for 

stroke in men but not women [245], Although weight loss 
reduces BP [246], it does not lower stroke risk [247], 

A low intake of vitamin D is associated with an in- 
creased risk of stroke [248], but supplements of calcium 
plus vitamin D do not reduce the risk of stroke [249]. 
Supplements of tocopherol and beta carotene do not re- 
duce stroke [250]. A meta-analysis of trials with vitamin. 

i| | 1 i tiM iti it m i i \ 
when used at high doses (>400 IU/day) [251]. 

High homocysteine levels are associated with in- 
creased stroke risk (OR 1.19; 95% CI 1.05-1.31) [252]. 
Since folic acid fortification of enriched grain products 
was mandated by the US Food and Drug Administration, 
there has been a reduction in stroke mortality rates, in 
contrast to countries without fortification [253]. A meta- 
analysis concluded that folic acid supplementation can 
reduce the risk of stroke (RR 0.82; 95% CI 0.68-1.00) 
[254]; the benefit was greatest in trials with long treat- 
ment durations or larger homocysteine-lowering effects, 
and in countries where grain was not fortified. 

Postmenopausal Oestrogen Replacement Therapy 
Stroke rates rise rapidly in women after the meno- 
pause. Howeveu in a t ed on a 16-year follow- 

T Ol > II [It H l i I II 1 tl iLip U lllg III dlL 

Nurses' Health Study, there was only a weak association 
between stroke and oestrogen replacement [255]. Accord- 
ing to the HERS II trial, hormone replacement in healthy 
women is associated with an increased risk of ischaemic 
stroke [256]. A Cochrane systematic review [257] found 
hormone replacement therapy to be associated with an 
increased risk of stroke (RR 1.44; 95% CI 1.10-1.89). A 
secondary analysis of the Women's Health Initiative ran- 

1 i I 1 i t I isl O] St Mil l 

is increased with hormone replacement therapy only in 
women with prolonged hormone use (>5 years; RR 1.32; 
95% CI 1.12-1.56) [258, 259]. 



470 



Ucrvbreva,.c Dii 20u8;23:4>7.. 307 



* • . i ing Committee 



I, i-. i u -.'?] I [hi: I 
in men for the primary pr 
i educe the r:skol'i\chatti 
Atie.plUetC! .»e..-iit< ..:!;«-! 
foi p I •;: 1 . 4 p ; 
A spir n rv, r. he n ^.n-nv 



■commended in women aged 45 years or 
nnea sol risk for intracerebral haenior- 
ood ■ ir • -mia ' >L ic-.t , however, 
I fC.ias.s I, Level. A). 



A S ; v, 



non-vaivul a 
'vascular risk 



valvi,! 



i or an oral .mticoaviu- 
NR 2.0-3:0) is recom- 
r AF who are aged 65 
.rs (Class f, I eve! K) 
.uspdant (!.\fi 2.0- i05 
re-valvular AF who are 

t, or diabetes mellilus 



» ;iJts tu, lllllkIP J eltl 

lan! time: nat.oiul no; ir.ati.-. 

merded .i'i pnieni-. with noi 

75 years and free of vascular risk 
■ Unless toiilnnnciitatitd, an on! ; 

is recommended for patients wit 

. r ' in- .\ ho up yi u tget b 

it i itricula d fut 

iClass I, Level A) 
• If ks recommended that patients 

receive oral anticoagulants should 1 

Lc J 0 

. It is recommended thai paneius wiih A F who have mechani- 
i ii. b'JJifu.i; wi iern a it o 

•agulationwith a target I N R lused on the prosthesis type, but 

lui>l - 1 i S>! I sJ I'j 

. 'Low-dose aspirin is recommended 



Lo 



-Ru 



ed iriLits i 



evaluated the benefits 
n of CV events in men 
and women (47,293 on aspirin, 45,580 controls) with a 
mean age of o 1 > >i 1 > i i lu c 1 o o 

nary events and CV events, but not stroke, CV mortality, 
or all m t pi i I 1 1 2' \ rises i p in 1 du 

stroke (OR 0.83; 95% CT 0.70-0.97) and hchaemic stroke 
(OR 0.76; 95% CI 0.63-0.93) [2671. In a separate study in 
39,876 healthy women aged 45 years or more, aspirin re- 
duced stroke (RR 0 8 1 9 V .Tin 69-0 99) and ischaemic 

stroke (RR 0.76; 95% CI 0.63 0,93), and caused a non-sig- 

inkititiii t.,i in a >i 

did not reduce the risk of fatal or nonfatal MI, or CV 

death [268]. 

No data are currently available on the use of other an- 

1 i l'f l 1 It s i , ! 



Subjects with Vascular Risk Factors 
A systematic re\ le 1 ■ i 1 i t 
antithrombotic agents with placebo in patients with ele- 
vated BP and no prior CV disease showed that aspirin 
did not reduce stroke or total CV events [267], In the 
CHARISMA (Clopidogrel for High Atherothrombotic 
R md Iscl nil Stabt! ( lanagement, and 
Avoidance) trial, she combination of aspirin and clopido- 
grel was les e than a > the subgroup 
of patients with multiple vascular risk factors but no isch- 
aemic event [269]. 

Large Artery Atheroma 

Patients with atherosclerotic arterial disease have an 
increased risk of Ml, stroke, and CV death. Aspirin re- 
duces MI in patients with asymptomatic carotid artery 
disease [270], and reduces stroke after carotid artery sur- 
gery [271!. 

Atrial Fibrillation 

AF is a strong independent risk factor for stroke. A 
meta-analysis of randomized trials with at least 3 months' 
follow-up showed that antiplatelet agents reduced stroke 
(RR 0.78; 95% CI 0.65-0.94) in patients with non -valvu- 
lar AF [272]. Warfarin (target INR 2.0-3.0) is more effec- 
tive than aspirin at reducing stroke (RR 0.36; 95% CI 
0.26-0.51) [272]. As the risk of stroke in people with AF 
varies considerably, risk stratification should be used to 
determine whether patients should be given oral anti- 
coagulation, aspirin or nothing [14]. Oral anticoagula- 
tion is more effective in patients with AF who have one 
or more risk factors, such as previous systemic embo- 
lism, age over 75 years, high BP or poor left ventricular 
function [14]. In the meta-analysis described above, ab- 

h II li ll II I i 1 1 

less than the absolute reductions in stroke [272]. The 
WASPO (Warfarin vs. Aspirin for Stroke Prevention in 
Octogenarians) [273] and BAFTA (Birmingham Atrial 
Fibrillation Treatment of the Aged) [274] trials showed 
that warfarin was saK md ftcctivt n older individuals. 
The ACTIVE VV (Atrial fibrillation Clopidogrel Trial 

h > 1 . l 1 1 J. H I 1 I llldv 

found that the com- r. ion i aspirin and clopidogrel 
was less effective than warfarin and had a similar bleed- 
ing rate [275]. 

Patients with a pi < sth i 1 1 c with or without 

AF, should receive longeerm anticoagulation with a tar- 
get INR based on the prosthesis type (bio-prosthetic 
valves: INR 2.0-3.0: mechanical valves: INR 3.0-4.0 
[276]). 
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Carotid Surgery and Angioplasty 

.: ,.''.>;■••::••:.■.<■..;,;:;:•.; 

» Carotid si " i i iK,,i ) , i ■ ji,, i .< i 

viduals wilt- i 'i • b s men. an 

<ytnpt'.ttM.i!--.- < ..»-.«■ t !t ! i; :-.-::"-:. .my Trial • NASCET 60 

C? U > h 1 < I l lit t 1 

. c: ii... id jie.i .j.-l I, -.. -Ai.h ••. v. iiliciul Mcnting. is not rccom- 
j I ici tr i 

icu«!\;',(;i , i 

• lt''itj pi v it] v • > i^pinn betore 

and eft< sun ■ si jwA) 

I ' i.il ; ol i u 1 d l i Mi i it I 

nosis have concluded dial although surgery reduces the 
incidence of ipsilaterai stroke (RR 0.47-0.54) and any 
stroke, the absolute benefit is small (approximately 1% 
per annum f 1 "-27 hcrcas 1 u aLive stroke 
or death rate is 3%. Medical management is the most ap- 
propriate option (or most asymptomatic 1 hit 1 oidc 
centres with a perioperative complication rate of 3% or 
less should contemplate surgery. Patients with a high risk 
of stroke tin ii i i o i 1 ii I r i PI 

expectancy of more than 5 years) may derive some ben- 
efit from surgery in appropriate centres [277, 279]. Ali 
stenoses are graded following the NASCET method (dis- 
tal stenosis) [280]. 

Carotid endarterectomy (CEA) is effective in younger 
patients, and possibly also in older individuals, but does 
not appear to benefit women [277], Patients with occlu- 
sion of the ICA contralateral to the operated carotid ar- 
tery do not benefit from CEA [281, 282]. The risk of ipsi- 
laterai stroke increases with the degree of stenosis [281, 
283]; CE A appears to be effective irrespective of the de- 
gree of ipsilaterai stenosis over the range of 60-99% [277]. 
CEA is not beneficial for asymptomatic patients who 
have a life expectancy of less than 5 years. Aspirin should 
not be stopped in patients undergoing carotid surgery 
[284]. Patients should be followed-up by the referring 
physician after surgery. There are no data from random- 
izer t t t j | , i 1 
plasty, com; i red with ( , i asymplott itic patients 
[285]. 
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Optima! Miuuigancni of Vascular Risk Factors 



■ it is recommended that blood „i i -c should be checked _ 

v.r.i. v|. motim^ ion .m J n..|.,:,h. Co. -J plv.rir , .•,:<■,,. 
leal therapy (Class IV. GCP) 

• 1 ' l li i i n eeci insulin 
treatment -n pioalitazcne is recommended after stroke 
(< lass lit Level B) " 

> Stilt in therapy is rcn.m-.ncnded in subjects v.idi non-cardi.)- 
efflboiic stfol £ lass i. Level A) 

> It is recommended that cigarette ; .n-<-.l.ir.e b; dkcoutaaed 
(Class III. Level C) 

> It is recommended thai heavy use of alcohol be discouraged 
(Class IV, GCP) 

• Regular physical activity is recommended (Class IV. GCP) 

• A diet low in salt and saturated fat high in ft uc and vegeta- 
bles, and rich in fibre - ,, commended ;Class IV, GCl'i 

. Subjects with an elevated body ma-.? index .uv recomnx uded 
to adopt a woighl-redticini! dn-i (Class IV. Level C) 

ititfdaitt ' - . I n t r n ided 

(Class I. Level A) 

• Hormone replacement therapy is not recommended for the 
secondary prevention of stroke (Class 1, Level A) 

■ Sleep-disorder. P Livj.h.nj; -uch as obstructive sleep apooea 
(O is recommended to bi reate t 1 im nisj sitivt 
airway pressure breathing (Class MI, Level GCP) 
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High Blood Pressure 

A meta-analysis of seven randomized controlled trials 
showed that antihypertensive drugs reduced stroke re- 
currence after stroke or TLA (RR 0.76; 95% CI 0.63-0.92) 
[286]. This analysis included the PATS (indapamide, a 
diuretic), HOPE (ramipril) and PROGRESS (perindopril, 
with or without indapamide) studies [287-290]. The re- 
duction in stroke occurs regardless of BP and type of 
stroke [290]. Hence, BP should be lowered and monitored 
indefinitely after stroke or TIA. The absolute target BP 
level and reduction are uncertain and should be individ- 
ualized, but benefit has been associated with an average 
reduction of about 10/5 mm Hg, and normal BP levels 
have been defined as<120/80 mm Hg [291]. However, BP 
should not be lowered intensively in patients with sus- 
II) > u okc or it ise with bilab tal 

carotid stenosis. The angiotensin receptor antagonist 
eprosartan may be more effective than the calcium chan- 
nel blocker nitrendipine [292]. 

Diabetes Mellitus 

The prospective, double -blind PROactive trial ran- 
> to Ad piit ah t) < ss and a his- 

tory of macrovascular disease to pio lita u e ot placebo. 
In patients with previous stroke (n = 486 in the piogli- 
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id i t 1 I lacebo group), there was a 

^ In i n pioglitazone for the combined 

end point of death and major vascular events (HR 0.78; 
95% CI 0.60-1.02; p = 0.067). In a secondary analysis, 
pioglitazone i luce * or no tnal stroke (HR 0.53; 
95% CI 0.34-0.85; p = 0.0085) and CV death, nonfatal 
MI, or nonfatal stroke {HR 0.72; 95% CI 0.52-1.00; p = 
0.0467) [293]. 

Hyperlipidaemia 

In the SPARCL (Stroke Prevention by Aggressive Re- 
duction in Cholesterol Levels) trial, statin therapy with 
atorvastatin reduced stroke recurrence (HR0.84; 95% CI 
0.71-0.99) [294], while in the Heart Protection Study sim- 
vastatin reduced vascular events in patients with prior 
stroke, and reduced stroke in patients with other vascular 
disease (RR 0.76) [222]. Neither trial assessed efficacy by 
stroke subtype, and SPA Ms 4. did not include patients 
with presumed cardioembolic stroke [222, 294]. The risk 
of haemorrhagic stroke was slightly increased in both tri- 
als [222, 294]. The AR reduction achieved with statin 
therapy is low (NNT 112-143 for I year). Statin with- 
drawal at the acute stage of stroke maybe associated with 
an increased risk of death or dependency [295]. 

Cigarette Smoking 

There are no specific data in secondary prevention. 
See 'Primary Prevention'. 

Diet 

Overweight 

There are no specific data in secondary prevention. 
See 'Primary Prevention'. Weight loss may be beneficial 
after stroke as it lowers BP [246]. 

Vitamins 

Beta carotene increased the risk of CV death in a meta- 
analysis of primary and secoen ' 1 <r trials (RR 
1.10;95% CI 1.03-1.17) [296]. Vitamin E supplementation 
does not prevent vascular events [297]. Fat-soluble anti- 
oxidant suppiem its may It se mortaii [298] 

Vitamins which lower homocysteine (folate, B l2 , B 6 ) 
do not appear to reduce stroke recurrence and may in- 
crease vascular events [299-302', but further trials are 
ongoing [303], 

Sleep- Disordered Breathing 

t ] ib ii ; l> > I 

tor and a consequ* ice ol stroke and is linked with poor- 
er long-term outcome and increased long-term stroke 
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mortality [304]. More than 30% of stroke patients have 
sleep-disordered breathing, mostly in the form of OSA. 
This can improve spontaneously after stroke, but may 
need treatment. Continuous positive airway pressure is 
the treatment of choice for OSA. Oxygen and other forms 
of ventilation may be helpful in other (e.g. central) tonus 
ofSDB. 

Patent Foramen Ovale 

Case reports and case control studies indicate an as- 
sociation between the presence of PR') and cryptogenic 
stroke in both younger and older stroke patients [305, 
306]. Two population-based studies pointed in the same 
direction but did not confirm a significant association 
[307, 308]. In patients with PFO alone the overall risk of 
recurrence is low. However, when the PFO is combined 
with an atrial septal aneurysm, an Eustachian valve, a 
Chiari network, or in patients who have suffered more 
than one stroke the risk of recurrence can be substantial 
[309]. Endovascular closure of PFOs with or without sep- 
tal aneurysms is feasible in such patients [310] and may 
lower the risk of recurrent stroke compared to medical 
treatment [31 1]; however, RCTs are still lacking. 

Postmenopausal Oestrogen Replacement Therapy 
Hormone repl acement therapy does not protect against 
vascular events and may increase stroke severity [312]. 

Antithrombotic Therapy 
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Where possible combine! aspirin .in.r. dipvridairute, or dap 
idogrel aicMic. should be given. Alternatively, aspirin alone, or 
triflusal alone, may bo used (Class 1. Level A) 
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1 n oV presence of proven deep vein thrombosis (UV I') oratri- 

. .'■ is roctiMieiiccd rltat combined lo-.v-dosc aspirin and cli- 
f \ n < . si 1 „ i _ , , 1 1 j n;m r ^nl 1 

indicated (Class IV. GCP) " f ' 

Antiplatelet Therapy 

Antiplatelet therapy reduces vascular events, includ- 
ing non-fatal MI, nonfatal stroke and vascular death in 
patients with previous stroke or TIA (RR 0.78; 95% CI 
0.76-0.80) [313]. 

Aspirin 

Aspirin reduces recurrence irrespective of dose (50- 
1,300 mg/dayj [314-317], although high doses (>150 mg/ 
day) increase adverse events. In patients with symptom- 
atic intracranial atherosclerosis, aspirin is as effective as 
oral anticoagulation and has fewer complications [318]. 

Clopidogrel 

Clopidogrel is slightly more effective than aspirin in 
preventing vascular events (RR 0.91; 95?/« CI 0.84-0.97) 
[319]. It may be more effective in high-risk patients (i.e. 
those with previous stroke, peripheral artery disease, 
symptomatic coronary disease, or diabetes) [269]. 

Dipyridamole 

Dipyridamole reduces stroke recurrence with similar 
efficacy to aspirin [320]. 

Triflusal 

Triflusal reduces stroke recurrence with similar effi- 
cacy to aspirin but with fewer adverse events [321]. 

Dipyridamole plus Aspirin 

The combination of aspirin (38-300 nag/day) and di- 

[> I id tin 1 in 1 ni 1 , 1 Jul t ill i 

1 the iskol ul irh 1 t \ 1 \ fl 

aspirin alone (RR 0.82; 95% CI 0.74-0.9!) [320, 322]. Di- 
pyridamole may cause I th< incidence of this 
may be reduced by increasing the dose gradually [323, 
324]. 



Clopidogrel plus Aspirin 

Compared with clopidogrel alone, the combination of 
aspirin and clopidogrel did not reduce the risk of isch- 

o ! II, vascular deat hospitali tio 

I ' ~ ii ) n 1 11 tn i 1 n 

creased with the combination. Similarly, in the CHARIS- 
MA study, the combination of aspirin and clopidogrel did 
not reduce the risk of MI, stroke, or death from CV causes, 
compared with aspirin alone [269]. In patients who have 
had an acute coronary event within 1 2 months, or coro- 
nary stenting, the combination of clopidogrel and aspirin 
reduces the risk of new vascular events [326]. 

f )/-;</ ,4 !:ticod£iit;:!io>< 

Oral anticoagulation after non-cardiac ischaemic 
stroke is not superior to aspirin, but causes more bleeding 
[327-329]. Oral anticoagulation (INR 2.0-3.0) reduces 
the risk of recurrent stroke in patients with non-valvular 
AF (whether of permanent, chronic or paroxysmal type) 
[330] and most other cardiac sources of emboli. Antico- 
agulation should be taken long term, or for at least 3 
months after cardioembolic stroke due to MI [331]. There 
is a controversial discussion about the optimal time point 
when to start oral anticoagulation. After TIA or minor 
stroke, one could start immediately, but after major stroke 
with significant infarction upon neuroimaging (e.g. 
above a third of the MCA territory) one should wait for 
some (e.g. 4) weeks. However, this decision has to be in- 
dividualized. 

In patients with AF and stable coronary disease, aspi- 
rin should not be added to oral anticoagulation [332]. An- 
ticoagulation may be beneficial in patients with aortic 
atheroma [333], fusiform aneurysms of the basilar artery 
[334] or cervical dissection [335]'. The ongoing ARCH tri- 
al is comparing the combinatu i' 1 1 p p 
rin with oral anticoagulation in secondary prevention of 
patients with atherosclerotic plaques in the aortic arch. 

Recurrent Vascular Event on Antiplatelet Therapy 
The treatment of patients who have a recurrent vascu- 
lar event on antiplatelet therapy remains unclear. Alter- 
native causes of stroke should be sought and consistent 
risk-factor management is mandatory especially in those 
patients. Alternative treatment .it. - ■> mav be consid- 
ered; I 1 11 I h 'id d in 1 lit kt 
agent, add i". ts < u use o-.tl antico- 

agulation. 
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Surgei v and Angioplasty 
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those with contra-indications to CEA, stenosis at a surgically 

it i Li kn . her t I V and p< i 

diaiiOH stenosis (Class IV, GCP>. Patients should receive a 
combination of clopidogrel and aspirin i mined lately before 
and for atk-i-t i , r > .i r H a^l> G< 1 

• It is recommended that endovasadar treatment may be con- 
ui< ted i n i,i pt<> ik ii* ili u ii -i n i 
(Class IV.GPC) ' ' 

Carotid Endarterectomy 

The grading of stenosis should be performed accord- 
ing to the NASCET criteria. Although ECST (European 
Carotid Surgery TrialLsts) and NASCET use different 
methods of measuremen t, i t is possible to convert the per- 
centage sten< , s L (1 1 ,i r i 'it (\ to the other [336]. 
CEA reduces the risk of recurrent disabling stroke or 
death (RR 0.52) in patients with severe (70-99%) ipsilat- 
eral ICA stenosis [280, 337, 338]. Patients with less severe 
ipsilateral carotid stenosis (50-69%) may also benefit 
[338]. Surgery is potentially harm fit I in patients with mild 
or moderate degrees of stenosis (<50%) [338]. 

t M III ll 11 1 I t ' 

within 2 weeks) aftet last 1 < < event [339]. 
■in t c i 'Mm c i g stroke; ca- 
rotid parch angioplasty i reduce I risk of periopera- 
tive II it 1 1 II I . n I I I I t . I, ! I 

t 1 I 1 ! 1 1 

tou aid i ' i '< . mi CEA [339]. Wom- 
en with severs i i i symptomatic stenosis should un- 
dergo CEA, w erea < 1 t vith oure moderate stenosis 
diou it I e i i _ i i ! i h amauro- 
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sis fugax, severe stenosis and a high risk profile should be 
considered for CEA; those with amaurosis fugax and few 
risk factors do better with medical treatment. Patients 
with mild-to-moderate intracranial stenosis and severe 
extracranial stenosis should be considered for CEA. 

The benefit from CEA is less in patients with lacunar 
stroke [342]. Patients with leukoaraios is carry an increased 
perioperative risk [343]. Occlusion of the contralateral 
ICA is not a contraindication to CEA but carries a higher 
perioperative risk. The benefit from endarterectomy is 
marginal in patients with carotid near-occlusion. 

i i I HHii StCillil! 

Several n alshave< n pared CAS and CF.A in second- 
ary stro! prevemioi table 9) 1344-347]. However, the 
SAPPHIRE (Stenting and Angioplasty with Protection in 
Patients at High Risk for Endarterectomy) trial included 
more than 70% asymptomatic patients, and therefore 
should not be used for decisions about secondary preven- 
tion [346], In CAVATAS (Carotid and Vertebral Artery 
Transluminal Angioplasty Study), the majority of the pa- 
tients in the endovascular group underwent angioplasty, 
and only 26% were treated with a stent [347]. The two 
most recent studies revealed different results. SPACE 
(Stent-protected Angioplasty versus Carotid Endarterec- 
tomy in symptomatic patients) marginally failed to prove 
the non-inferiority of CAS compared to CEA; for the end- 
point ipsilateral stroke or death up to day 30, the event 
rates after 1,200 patients were 6.8% for CAS and 6.3% for 
CEA patients (absolute difference 0.5%; 95% CI -1.9% to 
2.9%; p = 0.09) [345], The French EVA3S (Endarterecto- 
my versus Stenting in Patients with Symptomatic Severe 
Carotid Stenosis) trial was stopped prematurely after the 
inclusion ot ' i .t- a i .>- of safety concerns and 
lack of efficacy. The RR of any stroke or death after CAS, 
compared with CEA, was 2.5 (95% CI 1.2-5.1) [344]. An 
updated au t > J li. i 'dies revealed a signifi- 

cantly higher risk of any stroke and death within 30 days 
after CAS, compared with CEA (OR 1.41; 95% CI 1.07- 

m i« ii" li . i 
found in this analysis (p = 0.035) [348], After the peripro- 
cedural period, few ipsilateral strokes occurred with ei- 
ther procedure (table 9). 

Intracranial and Vertebral Artery Ocl D i 

Extracranial- intracranial I i o, , 

Anastomosis between the superficial temporal and 
middle cerebral aite. n i < n i i 1 i pi eventing 
i i j. i i i 1 i < ii i i on 

[349]. 
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SAPPHIRE [546] 
SPACE [345, 584] 
EVA3S |344] 



' stroke or death at 30 days Di i ; • . death at 30 da - 



CAS 



C'EA 



38 (6.5) 
10(3.9) 



16 (6.4) 15 (5.9) 

unknown unknown 

29 (4.8) 23 (3.9) 
9(3.4) 4(1.5) 



4(0.7) 2 
2 1.0.6V 
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Stent in g of Intracranial or Vertebral Artery Stenoses 
Patients with symptomatic intracranial stenoses of 
>50% are at high risk of recurrent strokes, both in the 
anterior and posterior circulation (12% after 1 year and 
15% after 2 years in the territory of the stenosed artery) 
[318, 350]. Severe stenoses (>70%) carry a higher risk 
than moderate stenoses (50 to <70%) [350]. After stent- 
ing, recurrent strokes are reported in about 5-7% of pa- 
tients with moderate or severe stenoses after 1 year, and 
in around 8% after 2 years [351, 352]. However, the inci- 
dence of complications after either angioplasty or start- 
ing may be up to 6% [353-355]. No randomized controlled 
trials have evaluated ii I iting or both for in- 

tracranial stenosis. Several non-randomized trials have 
shown feasibility and acceptable safety of intracranial 
starting, but the risk of restenosis remains high [355, 
356]. Also stenting of the extracranial segments of the 
vertebral artery is technically feasible with a moderate 
periprocedural risk as, for example, demonstrated in the 
SSYLVIA trial; but especially at the origin, there is a par- 
ticularly high rate of restenoses [356]. 



General Stroke Treatment 

Re,;omniniHiai!v>;s .-•''-.:...... 

» Intermittent monitoi Tie '■( in i ; r. >i- ki^ -il status, pulse, BP, 
li i r i nnjended for 72 h 

i i i nli_iai.ki._it 

. {Class IV, GCP) 
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iems (Class IV, GCP) 




. Routine BP lowering is no. recommended tallowing acute 
-UK 1- I 

• l ilivi BP (mi is i . n Hind.! in patients with ex- 
tremely high BPs (>22O/U0 mm Hg) on repeated measure ■: 

s ii . is .aiiiu I us aotl v. li 
pertensive encephalopathy (Class IV, GCP) 
. I- iMii„n;r,s rid..! -I.... e i .ml !■;]> towering be avoided (Class 
II, level C) 

• U is recommended that low BP secondary to hypovolemia or 
. m l ted s r i 
should be treated with volume expanders (Class TV, GCP) 

« Monitoring serum glucose level? is recommended (Class IV, 
GCP) 

• 'treatment of serum gin. use levels >I80 mg/dl (>lu mM) with 
insulin titration is recommended (Class IV, GCP) 

• It is recommended that severe hypoglycemia [<50 mg/dl 
i S i i ,( i 1 in it m b n i 

r isam < f H 'ii no o, ' l,i s J , i'po le 1 
. It is recommended that the presence of pyrexia (temperature 
>37.5 , C) should prompt a search for concurrent infection 
(Class IV, GCP) 

• I k it it f i i _ re < ■ ' > 
Hi! amuvi i >t> i, . n.i (1 U d 1 I 

• .•>•..•.»!'. r.i '• r.v..ti::e.eiided in ;:-:u<u!i.-- ■>. 
petent patient (< lass li, 1 eve H) 

The term 'general treatment" refers to treatment strat- 
egies aimed at stabilizing the critically ill patient in order 
to control systemic problems dial may impair stroke re- 
covery; the management of such problems is a central 
part of stroke treatment [2, 106]. General treatment in- 

1 j ' 1 1 i 1 t t i il i h 

management, BP control, the prevention and treatment 
of conditions such as se i ires venous thromboembo- 
lism, dysphagia, aspiration pneumonia, other infections, 
or pressure ulceration, and occasionally management of 

i f [ 1 i i Pi i n< is 

pects of general sti'>K t >+ 1 » en adequate- 

ly assessed in random:. . • : tals (RCTs). 
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It is common practice to actively manage neurological 
status and vi tal physiological functions such as BP, pulse, 
oxygen sail ra! < a, blood glucose and temperature. Neu- 
rological star , . i nitored using validated neuro- 
logical scales such as the NIH Stroke Scale [104] or the 
Scandinavian Stroke Scale [357]. There is little direct ev- 

v. < i i i > i n 

shuiilo be can .1 I roke uni als [119] it was 
common practice to have a minimum of 4-hourIy obser- 
vations for the first 72 h after stroke. Clinical trials using 
continuous telemetry [358, 359] suggest there may be 

;omeb< lefi! i m m< i mtinuous monitoring 

in terms of improved detection of complications and re- 
duced length of stay, but clinica l outcomes are inconclu- 
sive. In practice, more intensive monitoring is often pro- 
vided for subgroups of patients, such as those with re- 
duced consciousness, progressing neurological deficits, 
or a history of cardiorespiratory disease. Close monitor- 
ing is also required for the first 24 h after thrombolysis. 
More invasive monitoring procedures, such as central ve- 
nous catheters or ICP monitoring, are used only in high- 
ly selected patient groups. 



Pulmonary Function and Airway Protection 

Normal respiratory function with adequate blood ox- 
ygenation is believed to be important in the acute stroke 
period to preserve ischaemic brain t issue. However, there 
is no convincing evidence that routine provision of oxy- 
gen at low flow rates to all acute stroke patients is effective 
[360]. Identification and treatment of hypoxia is believed 
to be important in individuals with extensive brain stem 
or hemispheric stroke, seizure activity, or complications 
such as pneumonia, cardiac failure, pulmonary embo- 
lism (PE), or exacerbation of COPD. Blood oxygenation 
is usually improved by the administration of 2-4 1 of ox- 
ygen via a nasal tube. Ventilation may be necessary in 
patients with severely comn < i ratory func- 

tion Ho* c \ \ ]l 1 i I 

eral prognos co cist ; me d conditions, and the 
pre timet. h 1 ' i ' ' 1mm nil d 



Cardiac Care 

Cardiac arrhythmias, particularly AF, are relatively 
common after strol d heart failure, MI and sudden 
death are also recognized complications u 362]. A sig- 
nificant minority of stroke patients show raised blood 



troponin levels indicative of cardiac damage [363]. Every 
stroke patient should have ai mi I ( idiac mon- 
itoring should be conducted to screen for AF. Optimizing 
cardiac oun th n u >f high normal BP and 

a normal heart rate is a standard component of stroke 
lanagcm 1 e oi u ic agents is io! outini 

1 1 ' A J 1 1 1 I ! 

to correct hypovolemia. Increases in cardiac output may 
increase cerebral perfusion. Restoration of normal car- 
diac rhythm using drugs, cardioversion or pacemaker 
support may occasionally be required. 



Fluid Replacement Therapy 

Many stroke patients are dehydrated on admission to 
hospital, and this is associated with a poor outcome [364]. 
Although clinical trial evidence is limited, delivery of in- 
travenous fluids is commonly considered part of general 
management of acute stroke, particularly in patients at 
risk of dehydration due to reduced consciousness or im- 
paired swallowing. Experience in the management of hy- 
perglycaemia supports the avoidance of dextrose in the 
early post-stroke phase [365]. More specialist fluid re- 
placement therapy with haemodiiution has not been 
shown to improve stroke outcomes [366], 



Blood Pressure Management 

BP monitoring and treatment is a controversial area in 
stroke management. Patients with the highest and lowest 
levels of BP in the first 24 h after stroke are more likely to 
have early neurological decline and poorer outcomes 
[367]. A low or low-normal BP at stroke onset is unusual 
[368], and may be the result of a large cerebral infarct, 
cardiac failure, ischaemia, hypovolaemia or sepsis. BP 
can usually be raised by adequate rehydration with crys- 
it' > a <■ dm i . ut Kn s ] mm » '> * ikIku <>ulp 
i in ' i dl h 1 in 1 1 | i ' 1 < Jim 
cal trials of actively elevating a low BP in acute stroke 
have yielded inconclusive results. 

A systematic review covering a variety of BP-altering 
agents has not provided any convincing evidence that ac- 
tive management of BP after acute stroke influences pa- 
tient outcomes [369]. Small studies looking at surrogate 
markers of cerebral blood flow such as SPECT have indi- 
cated i i 1 »i '(i > i ( chral 
blood flow when given within 2-7 days of stroke onset 
[370]. Several ongoing trials are examining whether BP 
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should be lowered after acute stroke, and whether anti- 
hypertensive therapy should be continued or stopped in 
i f t o i * ' i - I sCj In the absence of 

reliable evidence from clinical trials, many clinicians 
have developed protocols for the management of ex- 
it itu I h 1 s ts common practice 
to begin cautious BP reduction when levels exceed 220 
mm Hg systolic and 120 mm Hg diastolic. However, in 
many centres BP reduction is only considered in the pres- 
ence of severe card u i << i u >, acute renal failure, 
aortic arch dissection, or malignant hypertension, in pa- 
tient iiinl dim i it n n t 1 n , tu 
avoid systolic BPs above 185 mm Hg. 

The use of sublmgu i i h d 1 I '1 

cause of the risk of an abrupt decrease in BP [373]. Intra- 
venous labetalol or urapadil are frequently used in North 
America. Sodium nitroprusside is sometimes recom- 
mended. 



Blood Glucose Management 

Hyperglycaemia occurs in up to 60% of stroke patients 
without known diabetes [374, 375]. Hyperglycaemia after 
acute stroke is associated with larger infarct volumes and 
cortical involvement, and with poor functional outcome 
[376-378]. There is limited evidence as to whether active 
reduction of glucose in acute ischaemic stroke improves 
patient outcomes. The largest randomized trial of blood 
glucose lowering by glucose potassium insulin infusion 
[365], compared with standard intravenous saline infu- 
sion, found no difference in mortality or functional out- 
comes in patients with mild-to-moderate blood glucose 
elevations [median 137 mg/dl (7.6 mM)]. This regime was 
labour intensive and a s m tUd \ hi Csof hypogly- 

regimes in patients with mod i 1 i \„ itmia can- 
not be recommended. However, it is common practice in 
stroke units ti educe bit II > needing 180 

mg/dl (10 mM) [119]. The use of intravenous saline and 
avoidance of glucose sotnt mis i > + h tCei stroke 
is common pi n'a' ' d i < hood glucose 

levels [365j . 

Hypoglycaemia [<50 mg/dl (2.8 mM)] may mimic an 
acute ischaemic infarction, and should be treated by in- 
travenous d< iseb( di ii n ion of 10-20% glucose 
[379]. 



Body Temperature Management 

In experimental stroke, hvpt i i 

increased infarct size and pooj . rs Paised h n 
perature can i i t i n 

infection, and is associated with poorer clinical outcomes 
[381-383]. A raised body temperature should prompt a 
search foi ntator d i i > > t 

pyi mi I i have been inconclu- 
sive, but treatment of raised body temperature (>37.5°C) 
with paracetamol is common p ictice in sti e patients 

Specific Treatment 
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With 10% of the dose given as a bolus followed by a 60-min 
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stroke (Class I. Level A! 

• Intravenous- rtPA may be of benefit also for acute ischaemic 
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Thrombolytic Therapy 

i i < 1 n logen Activator 

Thrombolytic therapy with rtPA {0.9 mg/kg body 

« c _ll ...J • I I , 1 !•!',, I i it II < 'I 

stroke onset 1 < . m; m\ it r i n , 

with acute ischaemic stroke [120): the NNT to achieve a 
favourable clinical outcome alter 3 months is 7. By con- 
trast, the ECASS (European Cooperative Acute Stroke 
Study) and ECASS II studies did not show statistically 
significant mpc k> il> i rli'A foi the p i nan endpoinls 
when treatment was given within 6 h [384, 385]. Trials 
with rtPA, involving a total of 2,889 patients, have shown 
a significant reduction in the number of patients with 
death or dependency (OR 0.83; 95% CI 0.73-0.94) [386]. 
A pooled analysis of individual data of rtPA trials showed 
that, even within a 3-hour window, earlier treatment re- 
sults in a better outcome (0-90 min: OR 2.11; 95% CI 
1.33-3.55; 90-180 min: OR 1.69; 95% CI 1.09-2.62) [387], 
This analysis suggested a benefit up to 4.5 h. Ongoing tri- 
als (F.CASS 111, 1ST 3) are further investigating the hen 
efits of rtPA beyond 3 h. 

The NINDS (National Institute of Neurological Dis- 
orders and Stroke) Study showed that the extent of early 
ischaemic changes (using the ASPECT score) had no ef- 
fect on treatment response within the 3-hour time win- 
dow [388]. However, European regulatory agencies do 
not advocate rtPA treatment in patients with severe stroke 
(NIHSSS >25), extended early ischaemic changes on CT 
scan, or age above 80 years (unlike the US labelling). Nev- 
ertheless, observational studies suggest that rtPA given 
within 3 h of stroke onset is safe and effective in patients 
over 80 years of age [389-391], but more randomized data 
are pending. The effect of gender on the response to rtPA 
is uncertain [392]. 

Thrombolytic therapy appears to be safe and effective 
across various types of hospitals, if the diagnosis is estab- 
lished by a pi ;icia wit ^ << pertise and brain CT 

i v J w i w i . f 1 WIS] When- 
ever possible, the risks and benefits of rtPA should be 
discussed with the patient and family before treatment is 
initiated. 

BP must be below 185/110 mm tig before, and for ihe 
first 24 h after, thrombolysis. Management of high BP is 
required [126]. Protocol violations are associated with 
higher mortality rates [396, 397]. 

Continuous transcranial ultrasound was associated 
with <m met it ! i i ton ' t P 

in a small randomized 1 t - > a., may be fa- 

cilitated by the administration of microbubbles [399]. 



However, a RCT has recently been stopped for undis- 
closed reasons. 

Intravenous rt PA m t t i i i > t h 
aemic stroke beyond 3 h after onset, but is not recom- 
mended in clinical routine. The use of multimodal imag- 
ing criteria may be useful fur patient selection. Several 
large observational studies suggest improved safety and 
possibly improved efficacy in patients treated with i ntra- 
venous rtPA beyond 3 h based on advanced imaging ft rid- 
ings [131, 160, 400, 401]. However, available data on mis- 
match, as defined by multimodal MRI or CT, are too lim- 
i I' outine practice (see also 

the section on imaging) [153]. 

Patients with seizures at stroke onset have been exclud- 
ed from thrombolytic trials because of potential confu- 
sion with post-ictal Todd's phenomena. Case series have 
suggested that thrombolysis maybe used in such patients 
when there is evidence for new ischaemic stroke [389]. 

Post-hoc analyses have identified the following poten- 
tial factors associated with increased risk of i intracerebral 
bleeding complications after rtPA use [402]: 

• elevated serum glucose 
. history of diabetes 

• baseline symptom severity 

• advanced age 

• increased time to treatment 
. previous aspirin use 

• history of congestive heart failure 

• low plasminogen activator inhibitor activity 

• NINDS protocol violations. 

However, none of these factors reversed the overall 
benefit of rtPA. 



was associated with an un- 
;e and death [403, 404]. In- 
inistered 3-9 h after acute 
t i ' >n the basis of per- 



Other Intravenous 

Intravenous strept 
acceptable risk of hae 
[ravenous desmotepl; 
ischaemic stroke in p 
fusion/diffusion mismatch was associated with a higher 
rate of reperfusion and better clinical outcome, compared 
with placebo, in two small RCTs [405, 406], These find- 
ings were not confirmed in the phase III DIAS (Des- 
moteplase in Acute Ischemic Stroke)-!! study, but this 
agent will be evaluated further. 

Mra-Arterial and Combined (IV+IA) Thrombolysis 
Intra-arterial thrombolytic treatment of proximal 
MCA occlusion using pro-urokinase (PUK) within 6 h 
was significantly associated with better outcome in the 
FFi 1 J~ i II o , i Ll . , , i 
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trial [154J. Additional smaller RCTs with PUK (PROACT 
I) or utokitu ■ J a mcta analys s of PROACT 

I, PROACT II and MELT indicate a benefit of intra-arte- 
rial thromboh - < ip n patients with proximal MCA 
occlusions [407]. PUK is not available and intra- arterial 
thrombolysis with tPA is not substantiated by RCTs, but 
observational data and non-randomised comparisons are 
available [155,408]. 

A randomized ti 1 1 i ,, i, u . , ,<>" 

rtPA with a combined intravenous and intra-arterial ap- 
proach (IMS3) has started [409]. 

Intra-arterial treatment of acute basilar occlusion with 
urokinase or rtPA has been available for more than 20 
years, but has not been tested in an adequately powered 
RCT [410], although encouraging results have been ob- 
tained in observational studies [41!, 412]. A systematic 
analysis found no significant differences between intra- 
venous or intra-arterial thrombolysis for basilar occlu- 
sion [413]. 

Intra-Arterial Recanalization Devices 

The MERCI (Mechanical Embolus Removal in Cere- 
bral Embolism) trial evaluated a device that removed the 
thrombus from an intracranial artery. Recanalization 
was achieved in 48% (68/14 1) •• p itienl ; in m horn the de- 
vice was deployed within 8 h of the onset of stroke symp- 
toms [414]. No RCTs with outcome data are available for 
any recanalization devices. 



Antiplatelet Therapy 

The results of two large randomized, non-blinded, in- 
tervention studies indicate that aspirin is safe and effec- 
tive when started within 48 h after stroke [415, 416]. In 
absolute terms, 13 more patients were a live and indepen- 
dent at the end of follow-up for every 1,000 patients treat- 
ed. Furthermon i i i ised the odds of mak- 
ing a complete recovery from the stroke (OR 1.06; 95% CI 
1.01-1 11) 1 > n n i ■ i i < 'i plr t , n t 
evei 1 00 i i I i t .i ui ! 11 L t apy was a 
sociated with a small but definite excess of two symptom - 

i e ill <' 1 11 I i 1 i 1 i 1 i i 

treated, but this was more than offset by a reduction of 
seven rccurrcn nic strok id aboul f > 

every 1,000 patients treated, 

A randomized, double-blind, placebo-controlled trial 
ho b i i i nl in I U 

secutive days a i s d s la r i i n g within 48 h of stroke onset, did 
not significantly reduce stroke progression, compared 



with placebo (RR 0.95; 95% CI 0.62- 1 .45) in patients with 
incomplete paresis [417]. 

1 : _ 'jse ■ ■! ; n • e, i i > ill , ■ < n 

of oral antiplatelet agents in acute ischaemic stroke has 
not been evaluated. 

In a double-blind phase II, the giycoprolein-IIb-IHa 
ii 1 i mi ili ii ti i i litis i 

favourable outcomes, as measured by modified Rankin 
scores (mRS) at 3 months, compared with placebo (OR 
1.20; 95% CI 0.84-1.70) [418]. A phase III study evaluat- 
i ; 1 r u '1 cacv oi abc n b vas tei nil it d 
prematurely after 808 patients had beer, en rolled because 
of an increased rate of symptomatic or fatal intracranial 
bleeding with abciximab compared to placebo (5.5 vs. 
0.5%; p = 0.002). This trial also did not demonstrate an 
improvement in outcomes with abciximab [419]. 



Early An tico ag u la l io > i 

Subcutaneous UFH. at low or moderate doses [415], na- 
droparin [420, 421], certoparin [422], tinzaparin [423], 
dalteparin [424] and intravenous danaparoid [425] have 
failed to show an overall benefit of anticoagulation when 
initiated within 24-48 h from stroke onset. Improve- 
ments in outcome or reductions in stroke recurrence 
rates were mostly counterbalanced by an increased num- 
ber of haemorrhagic complications. In a meta-analysis of 
22 trials, anticoagulant therapy was associated with about 
nine fewer recurrent ischaemic strokes per 1,000 patients 
treated (OR 0.76; 95% CI 0.65 -0.88), and with about nine 
more symptomatic intracranial haemorrhages per 1,000 
(OR 2.52; 95% CI 1.92-3.30) [426]. However, the quality 
of the trials varied considerably. The anticoagulants test- 
ed were standard UFH, low molecular weight heparins, 
heparinoids, oral anticoagulants, and thrombin inhibi- 
tors. 

Few clinical trials have assessed the risk-benefit ratio 
of very early administration of L T FH in acute ischaemic 
stroke. In one study, patients with nonlacunar stroke an- 
i 1 < i I i I i i i ii 1 
vs. 28.6%; p = 0.025), fewer deaths (16.8 vs. 21.9%; p = 
0.189), and more symptomatic brain haemorrhages (6.2 
vs. 1.4%; p = 0.008) [427], In the RAPID (Rapid Antico- 
2uJ io:i Pro\ h mi Da ma i 1 \ r i al 

11 u l i i 1 

ilar incidence of serious haemorrhagic events, compared 
with those receiving aspirin [428], In the UFH group, 
ischaemic or haemorrhagic worsening was associated 
with inadequate plasma levels of UFH. In view of these 
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findings, the value of UFH administered shortly after 
symj Lorn < ei HI < eba ed [429,430]. 

RCTs have no ientified a benefit of heparin for 
any stroke subtype. A meta-analysis restricted to pa- 
tients with acute cardioembolic stroke showed that anti- 
coagulants given within 43 h of clinical onset were as- 
sociated with a non significant reduction in recurrence 

I is I i 1 i i i , >i nu 

or disability 1431). Despite this lack of evidence, some 
experts recommend full-dose heparin in selected pa- 
tients, such as those with cardiac sources of embolism 
with high risk of re-embolism, arterial dissection or 
high-grade a teri n ;is pi lor to surgery. Contrain- 
dications for heparin treatment include large infarcts 
(e.g. more than 50% of MCA territory), uncontrollable 
arterial hypertension and advanced microvascular 
changes in the brain. 



Neuroprotection 

No neuroprotection programme has shown improved 
outcome on its predefined primary endpoint. Recent 
RCTs with the free radical trapping agent NXY-059 [432], 
and magnesium sulphate [433] were negative. A random- 
ized, placebo-controlled, phase III trial of intravenous 
rtPA followed by antioxidant therapy with uric acid is 
ongoing, following a safe phase II study [434]. A meta- 
analysis has suggested a mild benefit with citocoline 
[435]; a clinical trial with this agent is in progress. 



Brain Oedema and Elevated Intracranial Pressure 



Recommtnd.nww ' 
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1 } H ip n ' b;a > i inn < 1 t 

lulck i.i ,J In , s L,e s ip ten- 

torial infarct.' Ifi hreatening brain oedema usually de- 
velops bet ween the 2nd and 5th day after stroke onset, but 



up to a third of patients can have neurological deteriora- 
tion within 24 h after symptom onset [436, 437]. 

Medical Therapy 

Medical therapy in patients with large space-occupy- 
ing infarctions and brain oedema is based mostly on op- 
tional i i en igemen: ineln 1 l \ i i 
i i m I'inu 

n n>i i ' 1 \ y i 1 i 1 in id noi mal- 
i i i i i . i I i i i ul 1>I 

cerebral perfusion pressure should be kept above 70 mm 
Hg [438]. Intravenous glycerol (4 X 250 ml of 10% glyc- 
erol over 30-60 min) or mannitol (25-50 g every 3-6 h) 
is first line medical treatment if clinical or radiological 
signs of space-occupying oedema occur [439, 440], Intra- 
venous hypertonic saline solutions are probably similarly 
effective [441.]. Hypotonic, and glucose-containing solu- 
tions should be avoided as replacement fluids. Dexa- 
methasone and corticosteroids are not useful [442], Thio- 
pental given as a bolus can quickly and significantly 
reduce ICP, and can be used to treat acute crises. Barbi- 
turate treatment requires ICP and electroencephalogra- 
phy (EEC) monitoring and careful haemodynamic mon- 
itoring, as a significant BP drop may occur. 

Hypothernua 

Mild hypothermia (i.e. brain temperature between 
32-33"C) reduces mortality in patients with severe MCA 
infarcts, but may cause severe side effects including re- 
current ICP crisis during re-warming [443, 444]. In a 
small RCT, mild hypothermia (35°C) in addition to de- 
compressive surgery produced a trend towards a better 
clinical outcome than decompressive surgery alone (p = 
0.08) [445]. 

Decompressive Surgery 
Malignant MCA Infarction 

A pooled analysis of 93 patients included in the DEC- 
IMAL (decompressive craniectomy in malignant MCA 
infarcts), DESTINY (decompressive surgery for the treat- 
ment of malignant infarction of the MCA), and HAM- 
LET (hemicraniectomy after MCA infarction with life- 
threatening edema trial) trials showed that, compared 
with the control group, at 1 year mot e patients in the de- 
compressive surgery group had an mRS <4 or mRS <3, 
and more survived (NNTs 2, 4 and 2, respectively) [446, 

t 1 ! 1 , I 1 , I tit t )t 

whosurvru i- tm ' t m ins ' mRS 5). Inclu- 

sion criteria for this combined analysis were age 18-60 
years, NIHSSS >15, decrease in level of consciousness to 
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a score of 1 or greater on item la of the NIHSS, infarct 
signs on CT of 50% or more of the MCA territory or >145 
cm- on DWI, and inclusion <45 h after onset (surgery 
<48 h). Follow-up of survival and functional status be- 
yond 1 year is currently ongoing in the DECIMAL and 
DESTINY studies [447], 

A systematic review of 12 observational retrospective 
lull ' i 'i 1 in K i J i ! i( i p » i 

outcome. The timing of surgery, side of infarction, clini- 
cal signs of herniation before surgery, and involvement of 
other vascuki' iv.ni-, 1 ) t i d\ affect out- 
come [448]. 

Cerebellar Infarction 

Ventriculostomy and decompressive surgery are con- 
sidered treatments <>i choice for space-occupying cere- 
bellar infarctions, although RCTs are lacking. As in 
space-occupying supratentorial infarction, the operation 
should be p.i I' i. ucd be ore signs ol icrniiuion are pres- 
ent. The prognosis among survivors can be very good, 
even in patients who are comatose before surgery. 



Prevention and Management of Complications 

Recommendations 
• It is recommended -lui ii:fevU<>:i.->.tt'tei stroke should be treat- 
i < » 

f i and H I i in can be < n mi 1 n in acule stroke pi 



♦ Kariy tail yd ration and graded compression stockings are rec- 
ommended to reduce the incidence of venous Ihromboembo- 

• Early mobilization is recommended to proven! complications 
such as a 1 i> \ t km 



• It is rocoD-.iner.ded rh.rt low-dose subcutaneous heparin or 
low molecular weight heparins .should ;>e considered for pa 
Stents at li,ci n ... i D\ i >; PL '< k -site \) 

• .'xdini.-vstidiinii of anticonvulsants is recommended to pre- 
vent t i „tp 4 stroke-em i s <hs s f L id M 1' pk 

i 1 i i irtat i ' , ill's * nn , re- 

cent stroke who have not had seizures is not recommended 

(Class iV,, a Pi 

i t in 1 i i 

• Calcium/vitamin P supplements are recommended in stroke 
pancn'.s.i- n-k o< Mils :<\Ui<. II. Level t'c 

• I'.i-phvsphvr.a.-cs : ilcvlr'-aaie. etidronate and riseclron.itei 



111 stroke pa'.'- nl- --nth ar-nary incontinence, specialist as 

.i . - > -i- 1 ' in ; . 

el C ) 
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. m. 1< ving assessment is teccn if re it 

licie-n. data t <'. i see. tie a i i tor treatment 

(ciass m, gov . : :C;- 

• Oral dietary supplements arc only recommended >e 

• Early commencement of nasogastric I N'.i.l fe-.-dim'. t.oilaa 
48 h) is recommended in ,'ioke pa! lent s .vi'd: inr-ciovd al- 

• Iv\sTeconimcnded "that percutaneous enteral ^si,o..o,„. 

"I G) feeding l 1 c i rei tro epa en in 

tu tr-t' .el ' h s h 1 - e n, 



' rati ui P , ion 

Bacterial pneumonia is one of the most important 
complications in stroke patients [449], and is mainly 
caused be a i ' spiral >n is frequently found 
in patients with reduced consciousness and in those with 
swallowing disturbances. Orai feeding .should be with- 
held until the patient has demonstrated i mud swallowing 
with small amounts of water and intact coughing on 
command. NG or PEG feeding may prevent aspiration 
pneumonia, although reflux of liquid feed, hypostasis, 
diminished cough and immobilization increase the risk. 
Frequent changes oi i pa ni nsition in bed and pul- 
monary physical therapy may prevent aspiration pneu- 
monia. A brain-mediated immunodepressive state con- 
tributes to post-stroke infection [451, 452]. Prophylactic 
administration of levofloxacin (500 mg/100 ml/day for 3 
days) is not better than optimal care for the prevention of 
infection in patients with nonseptic acute stroke and was 
inversely associated with outcome at day 90 (OR 0.19; 
95% CI 0.04 to 0.87; p - 0.03) [453]. 



Deep Vein Thrombosis and Pulmonary Embolism 

It is generally accepted that the risk of DVT and PE can 
be reduced by early hydration and early mobilization. Al- 
though graded compression stockings are effective in 
preventing venous thromboembolism in surgical pa- 
tients, L i i i i i- | i- i| 'n 
stroke patients, low-dose LMW H reduced the incidence 
of both DVT (OR 0.34; 95% CI 0.19-0.59) and PE (OR 
0.36; 95% CI 0.15-0.87), without an increased risk of in- 
tracerebral (OR 1.39; 95% CI 0.53-3.67) or extracerebral 
haemorrhage (OR 1.44; 95% CI 0.13-16), NNT: 7 and 38 
for DVT and PE, its i lose UFH de- 
creased the thrombosis risk (OR 0.17; 95% CI 0.1 1-0.26), 
but had no influence on PE (OR 0.83, 95% CI 0.53-1.31); 
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the risk, of ICH was not statistically significantly in- 
creased (OR 1.67; 95% CI 0.97-2.87) [455]. Nevertheless, 
; .j hylaxi i h u h 'it, n o ow Jose heparin (5,000 
IU twice daily; or law molecular weight heparins is indi- 
cated in pot! i ■ ml*, of DVT or PE (e.g. due to 
immolnh < i labetes, previous stroke) [456, 

457]. 



Pressure Ulcer 

In patients at high risk of developing pressure ulcers, 

U\' ol IIIM'li ■> I 'i 11 1 " 1 .11! 'Ill 

ing nutritional status, and moisturizing sacral skin are 
appiopt i i ] i \ ii i\ J i i ■ t - I 138]. The skin of the 
incontinent patient must be kept dry. For patients at par- 
ticularly high i isk an in filled o tu i til 1 i 
system should be used. 



Seizures 

Partial or secondary generalized seizures may occur 
in the acute phase of ischaemic stroke. Standard anti-ep- 
ileptic drugs should be used based on general principles 
of seizure management. There is no evidence that pri- 
mary prophylactic anticonvulsive treatment is benefi- 
cial. 



Agitation 

Agitation and confusion may be a consequence of 
icut u t I i II it h 

as fever, volume depletion or infection. Adequate treat- 
ment of the underlying cause must precede any type of 
sedation or antipsychotic treatment. 



Falls 

Falls are comm f. ter stroke in the acute 

Uin | fe i ii lii <i] i R 

in the long term [461] I ikth i i s for fails strol 
,ui i [ ii i i i ii ilt pi 

i 1 | 1 < n ii i i n n Ij 
A w i't 1 ii hi' i oi > i 1 i ' i on 

1 l l l 1 i i t n la hi t i i h 

successful in genera i rehabilitation settings [465, 466]. 
There is a 5% incidence of serious injury [459], including 



hip fractures (which are fourfold more common than in 
age-matched controls [467]), which is associated with 
poor outcome [468 1 - - < n i 1 n t 

[470] and bisphosphonates [471] improve bone strength 
and decrease fracture rates in stroke pa.ients. Hip protec- 
tors can reduce the ui >r hi 
groups in institutional care, but evidence is less convinc- 
ing for their use in a community setting [472]. 



Urinary Tract Infections and Incontinence 

The majority of hospital-acquired urinary tract infec- 
tions are associated with the use of indwelling catheters 
[473, 474]. Intermittent catheterization has not been 
shown to reduce the risk of infection. Once urinary infec- 
tion iii 1 1 i i i h on htniid be cho - 
sen: to avoid bacterial resistance developing, prophylactic 
antibiotics are best avoided. 

Urinary incontinence is common after stroke, partic- 
ularly in older, more disabled and cognitively impaired 
patients [475]. Recent estimates suggest a prevalence of 
40-60% in an acute stroke population, of whom 25% are 
still incontinent at discharge and 1 5% remain incontinent 
at 1 year [476] . Urinary incontinence is a strong predictor 
of poor functional outcome, even after correcting for age 
and functional status [477]. However, data from the avail- 
able trials are insufficient to guide continence care of 
adults after stroke [474, 478]. However, there is suggestive 
evidence that professional input through structured as- 
sessment and management of care and specialist conti- 
nence nursing may reduce urinary incontinence and re- 
lated symptoms after stroke. Structured assessment and 
physical management have been shown to improve con- 
tinence rates in both inpatients and outpatients [474, 476]. 
However, trials of interventions are insufficient in num- 
ber and quality to make any recommendations [478]. 



Dysphagia and Feeding 

Oropharyngeal dysphagia occurs in up to 50% of pa- 
f > u' ' i' i ! 1 i j > 'i -n ' i 

lence of dysphagia is ii in in the > i stages of stroke, 
and declines to around 15% at 3 months [480], Dysphagia 
is associated with a higher incidence of medical compli- 

1 i Ma dni" ! i 1 the 

catabolic state that may be associated with an acute ill- 
ness such as stroke. Estimates of the incidence of rnalnu- 
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trition vary from 7-15% at admission [481, 482] and 22- 
35% at 2 weeks [483], Among patients requiring pro- 
longed rehab ' ' > > * * prevalence of malnutrition may- 
reach r >0°o [4 n i i i ' i? ( i junctional 
outcome [485 md i r< sed mortality [486, 487). How- 
ever, routi ne supplementation for all acute stroke patients 
did not improve outcomes or reduce complications [488]. 
I'l ca tdcqualcly powered ial 1 irgctin i 
plementation to stroke patients at high risk of malnutri- 
tion. 

lot pain i i .villi co ' 1 g dysphagia, options for 
enteral nutrition include NG or PEG feeding. A trial of 
early (median 48 h after stroke) versus delayed (1 week) 
h < i ui* i j i i i o i ,i i < ah dm., 

although there was a trend to fewer deaths in the early 
NG group [488]. In a related trial examining PEG and NG 
feeding within 30 days, PEG feeding was no better than 
NG and in fact was potentially harmful [488]. PEG feed- 
ing has also been studied in longer-term dysphagia. Two 
trials comparing PEG and NG feeding found a trend to- 
wards improved nutrit ion with PK( , feeding that did not 
reach statistical significance [489, 4901. Studies that have 
addressed quality of life found it was not improved by 
PEG feeding [491, 492]. 



Rehabilitation 

Even with optimal stroke unit care including throm- 
bolysis, fewer than one third of patients recover fully 
from stroki [> 1 1 hi << i < i us to enable people 
with disabilities to reach and maintain optimal physical, 
intellectual, psychological and/or social function [493], 
Goals of rehabilitation can shift from initial input to 
mn mi i 1 1|< " > i u > 11 1 i 

participation. 



Setting for Rehabilitation 



Recommendations 
. Admission to a stroke ;mi: is recommended for acute stroke 

iv.rienn '■•> u- •:oor..!!:i. ir.uhidbaplinar? rchabilita 

tion (Class L Level A) 
. Earlv initiation of rehabilitation is recomree t<>4 .'< I.ws HI 

Level Q 

1 I ik ii r 

]\ t'l r H 1 i |j 

' i < l I is li tr d 

community b;. 



em providing that rehabilitation is delivered in i 
drvbva muitidisciplinarv rsani with stroke expertise 
Level A! 



• ii in o i I i ulitation de- 

livered by a specialized multidisciplinary team [494]. The 
M I i h.i < i it on i hes shown im- 

proved survival and functional outcomes for patients 
treated in a dedicated stroke ward, and there are also long- 
term functional benefits of dedicated stroke unit care; fol- 

l< » I it 1 i ^ 11 I c t if 1 t I 

compared with controls [495, 4961. The financial and 
social implications of prolonged hospitalization have 
prompted increasing interest in .services to facilitate early 
return to the community. A multidisciplinary early sup- 
ported discharge team with stroke expertise, comprising 

lit T IT . 1 i I 1 1 1 I [ , 

reduce bed days for selected stroke patients [497] who have 
mild or moderate impairment at baseline [498]. However, 
special's! i j i J 1 1 1 1 t ilit) v is 

substantially increased when patients were discharged 
early with only generic community support [499]. 

A meta-analysis showed that continued rehabilitation 
after discharge during the 1st year after stroke reduces 
the risk of deterioration in function and improves activi- 
ties of daily living (ADL) [500]. The interventions includ- 
ed OT, physiotherapy, and multidisciplinary teams, and 
therefore no definitive statement can be made c 
ing the optimal mode of service delivery. 



Timing, Duration and Intensity of Rehabilitation 

The optimal timing of rehabilitation is unclear. Pro- 
ponents of early therapy cite evidence from functional 
neuroimaging [501] and animal studies [502, 503] that 
define the peri-infarct period as the crucial time to begin 
rehabilitation. Early initiation of rehabilitation is a key 
component of stroke unit care [61] but there is a lack of 

) i i i i i i 1 i 

paring 'early' and 'late' initiation of rehabilitation have 
reported improved, prognosis ' i ipi tai ted within 
20-30 days [504, 5054 Many of the immediate complica- 
tions of stroke (DVT, skin breakdown, contracture for- 
mation, constipation, and hypostatic pneumonia) are re- 
lated i h m t ui ii hi is a 

ii i he.-. I hih 1 I i 

timal timing of first mobilization is unclear, but mobili- 
zation within the first few da* , r> • > >e well toler- 
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ated [507]. Preliminary results from the ongoing AVERT 
study of rehabilitation within 24 h suggest that immedi- 
ate ph\s i i 1 s t 1 increase in 
adverse events [508]. 

That are \ i 1 i h I tation beyond a year 
after the acute event, and data are inconclusive to make a 
recommendation on rehabilitation in this phase [509]. 

Greater intensity of rehabilitation, especially time 
pf nl \ i n VDL, is associated with improved func- 
tional outcomes [510, 511]. A systematic review of re- 
habilitation therapies for improving arm function also 
suggests a dose-response relationship, although hetero- 
geneity of included studies precluded a formal measure 
of effect size [512]. Greatest benefits were observed in 
studies of lower limb exercises and general ADL train- 
ing. 

Oi misation tnd qua it) ' of care may be more impor- 
tant than absolute hours of therapy [513], In a comparison 
between a dedicated stroke multidisciplinary team and 
usual ward-based rehabilitation, the dedicated team 
achieved better outcomes with significantly fewer hours 
of therapy [514], 



Elements of Rehabilitation 

Recommendations " ; : -v : 

• Physiotherapy is recommended, out •he- optimal mode ofde- 

• Occupational therapy is recommended, but the optimal mode 
of delivery is unclear (Claw I. Level ,\; 

- V\ hik asv - „t j ... n ■ , t ,n,i u mi 

cd, there arc insufficient data to recommend specific r it 

• It is recommended that information is provided to patient and 
carets but evidence does not support use or a dedicated stroke 
liaison sen u.t i< r ii . • ' ,11 ! set S, 

• It is recommended that reluhH: i an: ."i-.ulcred for all 
stroke patients, but there is limited evidence to guide appro- 
M i r i tm c ( , s ( 1 

el 8) 

• While assessment lor cognitive deficits appears desirable. 
ihftHv i Itu -V d t te . ni it j . utfl] le 

. I: is .ceriir.rr.de:.! that patients be monitored lor deprs >$ion 
duririch»st>it,<Urav and tin uuim-'uL (olio w-up :< lass IV. I ev 

el B) 

it c oils t 'Pu n'Punded 
to improve , ' la- , ' t ;: \, 

• Drue therapy should be considered to treat post-stroke emo- 




« It is recommended that boteiir.-.m: o •■in hr v^i.-in... ! f; 
)~a po. > ,1, - S ti ' 1 ut '-.■re . ncor- 
tain {Class fri. Level H} : 



The results from stroke unit trials favour coordinated 
multidisciplinary teams of si all with expertise in stroke 
care [515]. The composition of these teams is not formal- 
ly prescribed, but usually includes stroke physicians, 
nursing staff, physiotherapists, occupational therapists, 
and speech and language therapists. 

Phytotherapy 

There is no clearly superior model of physiotherapy lot- 
stroke rehabilitation [516, 517], but some evidence exists 
lo support specific interventions. Several groups have 
shown that strength can be improved in a dose-depen- 
dent manner, without increasing spasticity [512]. Func- 
tional electrical stimulation may increase strength, but 
the effect on clinically relevant outcomes is uncertain 
[518]. 

A systematic review did not demonstrate efficacy of 
treadmill training to improve walking [519]. Electrome- 
chanical gait training in combination with physical ther- 
apy may be more effective than physiotherapy alone [520] . 
There are limited data to support the widespread use of 
orthoses anil i n i es [521]. 

CV fitness can deteriorate during the recovery phase 
of a stroke. This physical deconditioning impairs active 
rehabilitation and is a risk marker for further events [522], 
Mela-analysis has shown that aerobic training can im- 
prove exercise capacity in individuals with mild to mod- 
erate motor deficit after stroke [469]. 

Constraint-induced movement therapy involves in- 
tensive task-orientated exercise of the paretic limb, with 
restraint of the non-paretic limb. The EXCITE study re- 
ported positive results for this method 3-9 months after 
stroke in a group of medical! ,t hi >k< >ui\i\oi-., 
with some arm mo, - r st ^g at 1 year 

Occupational Therapy 

A systematic review of nine trials comparing OT- 
based ADL therapy with usual care reported improved 
functional on r.es t in i on group 

[524]. The data do not justify conclusions on the optimal 
mode of OT delivery. 

A meta-analysis of community-based OT trials found 
improved performance on ADL measures. The greatest 
effects were seen in older patients and with the use of 
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targeted interventions [525'. Specific leisure-based OT 
In. MH i 1 u tito improved ADL. A trial of 

providing OT intervention to care home residents after 
stroke found less functional deterioration in the active 
int. i \cntio 1 ui| * <> tu Tel >ii 
scribe the effei ss of OT beyond 1 year after 
stroke. 

Speech and Language Therapy 

SI.T may optimize safe swallowing, and may assist 
con mil i >n 1 ) • n 0 si I pi i I 
phagiafound.no significant difference to usual care [527]. 
A study comparing simple written instruction to graded 

u ii d language intervent mi > c in 
found no difference in outcomes between the groups 
[528]. 

Aphasia and dysarthria are common symptoms after 
stroke, and impact on quality of life [529]. A systematic 
review » SI . d\ - trdu la m i ' o i < brain 
damage (stroke and head injury) found no good-quality 
evidence for benefit f 0], ' i ! \ systematic review 
of SLT for aphasia [531] reported insufficient good-qual- 
ity evidence to recommend formal or informal interven- 
tions. The studies included in this review were commu- 
nity based and had an average time to therapy of 3 months: 
they offer little to inform acute ward-based rehabilita- 
tion. Two related meta-analyses of studies with weaker 
design concluded that improvement in speech is greater 
if SLT is initiated early [532, 533]. Limited evidence sup- 
ports the possible use of modified constraint-induced 
therapy for patients with aphasia [534, 535]. 

Stroke Liaison and Information Provision 
A recent systematic review comparing dedicated 
stroke liaison to usual care found no evidence of improve- 
ment in ADL, subjective health status or carers' health 
[536]. On subgroup analysis, success of a stroke liaison 
service was predicted by younger age, less severe deficit, 
and an. emphasis on education within the service. 

Inadeq i , i in n < ,a" u\> ■ n i 

poor quality of lite in stroke patients and their families 
} The s c *s 1 y informa- 

tion with educational sessions improves knowledge and 
is more effective than providing information alone i 
As tile ]> i» i 1 1 i | ill d i h 

tion to the commumU 1 i inu i 1 i 
i it " >• . ii i , i ' 1 i - 1 1 

ut v, in gn c t it . 1 i i t -t> i! < 

i id i i 1 t 



Other Groups 

Depending on patient-specific goals, input from vari- 
ous other therapists may be appropriate. Such groups in- 
clude dieticians, orthoptists and social workers. Although 
there has been limited formal research in this area, some 
t tl n 1 e n 'i 1 it itdi < d n < nan i 

riched environment' that encourages practice in rehabili- 
tation I 1 I U H 1 



Cognitive Deficits 



Cognitive deficits are common fo Now in si stroke and 
impact on quality of life, At present, there is no evidence 
for the efficacy of specific memory rehabilitation [541]. 

m i I 1 i ll ' i no i i n 

meaningful clinical improvement in ADL measures [542]. 
Training for spatial neglect has improved impairment 
measures, but an effect on ADL performance has not been 
demonstrated [543]. A few studies have assessed rehabili- 
tation training strategies in visual inattention and aprax- 
ia: no specific conclusions can be drawn [544]. 



Sexuality 

exualii if for al 1 t - >' t 1 ! n< eri ng pu\ jj 

cal limitations and comorbid vascular disease may be 
compounded by side effects of medications [545]. It may 
be desirable to discuss issues of sexuality and intimacy 
with patients [546]. Provision of support and information 
is important: many patients wrongly lear that resuming 
an active sex life may result in further stroke [547]. 



C'o::ii>!;aii!Oii, Affecting , ' > ' , mi 

n lit I i | i ii h i i 

which may be strong predictors of poor functional out- 
come and mortality. Common complications during in- 
patient rehabilitation include depression, shoulder pain, 
falls, urinary disturbances and aspiration pneumonia 
[548]. Some of these are discussed under 'Prevention and 
- ! m in i I ii i ions' 



ig Post-Stroke Depression 



Post-stroke depression is associate ith pro) reha- 
bilitation results and ultimately poor outcome [549, 550]. 
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In clinical practice, only a minority of depressed patients 
diagi i 1 i fe \et a* e treated [551]. Depres- 

sion has been reported in up to 33% of stroke survivors, 
compared with 13% of age- and sex-matched controls 
[552], but reliable estimates of the incidence and preva- 
lence of depression in a stroke cohort are limited 1550:. 
Predicto po-» r d i t > n n I i i n n 
setting include increasing physical disability, cognitive 
impairment and stroke severity [550 . There is no Consen- 
sus < t 1 ! 'it i 1 , t , 

post-stroke depression. Standard depression screening 
tools may be inappropriate for patients with aphasia or 
cognitive impairment [553, 554]. 

Antidepressant drugs such as selective serotonin re- 
uptake inhibitors (SSRIs) and heterocyclics can improve 
mood after stroke [555, 556], but there is less evidence 
that ii II 11 I ii u 

pressive episode or prevent depression. SSRIs are better 
tolerated than heterocyclics [557]. There is no good evi- 
dence to recommend psychotherapy for treatment or pre- 
vention of post- stroke depression [558], although such 
therapy can elevate mood. There is a lack of robust evi- 
dence regarding the effect of treating post-stroke depres- 
sion on rehabilitation or functional outcomes. 

Emotionalism is a distressing symptom for patients 
and carers. SSRIs may reduce emotional outbursts but ef- 
fects on quality of life are not clear [559]. 



Pain and Spasticity 

Post-stroke shoulder pain is common [560], especially 
in patients with impaired arm function and poor func- 
tional status, and is associated with poorer outcome. Pas- 
sive movement of a paretic limb may be preventive [561]. 
Electrical stimulation is commonly used for treatment, 
but its efficacy is unproven [562]. A Cochrane systematic 
review found Insufficient data to recommend the use of 
i.i i i , ., i I , ■ - ' . i n i |ii i 

towards efficacy for arm strapping of the affected limb 
[563]. 

I iniiitu i b i i p i , tor 

neuropathic p ( K- .i t to be well tolerated, 
but cognitive side effects should be considered. 

Spasticity in the chronic phase may adversely affect 
ADI nd liity of life [56 Po i 1 u \ 
>h i 1 1 .'iii '' i . o 

commonly employed, but a sound evidence base is lack- 
ing fitti 1 Pi . i ' >i "i Dotulinum toxin has 
proven effects on muscle tone in arms and legs, but 



functional benefits are less well studied [i>67-569]. Oral 
agents are limited in then use becaust of sid t :cls 
[5701. 



Eligibility for Rehabilitation 

An important predictor of rehabilitation outcome is 
initial stroke severity [549]. Pre-stroke disability is 
i I ' ( i ' d„i > i n i u i .i l 1 Otii 

er factors, such as sex [572], stroke aetiology [573], age 
i i 'i ii i I on [ i ( all oi'cn si ud- 
ied ' i 1 p i ' ii of rehabili 1 outt nine; 

however, there is no evidence that these non-modifiable 
factors should influence decisions on rehabilitation 
[576]. Admission to a dedicated stroke unit improves 
outcomes for all strokes irrespective of age, sex and se- 
verity [61]. 

Exclusion from rehabilitation on the basis of pre- 
stroke dependence remains a contentious issue [577, 
578]. Patients with the most severe cognitive or physi- 
cal impairments have been excluded from most reha- 
bilitation trials, and therefore caution is required in 
extrapolating results to this group [579]. Limited data 
suggest that active rehabilitation allows severely dis- 
abled patients to return home [580, 581]. For those un- 
able to participate actively, passive movements to pre- 
vent contractures or pressure sores have been recom- 
mended [2]. 
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Abstract 

Background: Pneumonia is a major risk factor of death after acute stroke. In a mouse model, preventive antibacterial 
Iherapy with moxifloxacin not only prevents the development of post-stroke infections, it also reduces mortality, and 
improves neurological outcome significantly. In this study we investigate whether this approach is effective in stroke 

patients. 

Methods: Preventive ANtibacterial THERapy in acute Ischemic Stroke (PANTHERIS) is a randomized, double-blind, placebo- 
controlled trial in 80 patients with severe, non-lacunar, ischemic stroke (NIHSS>11) in the middle cerebral artery (MCA) 
territory. Patients received either intravenous moxifloxacin (400 mg daily) or placebo for 5 days starting within 36 hours 
after stroke onset. Primary endpoint was infection within 1 1 days. Secondary endpoints included neurological outcome, 
survival, development of stroke-induced immunodepression, and induction of bacterial resistance. 

Findings: On intention-to treat analysis (79 patients), the infection rate at day 11 in the moxifloxacin treated group was 
15.4% compared to 32.5% in the placebo treated group (p = 0.114). On per protocol analysis (n = 66), moxifloxacin 
significantly reduced infection rate from 41.9% to 17.1% (p = 0.032). Stroke associated infections were associated with a 
lower survival rate. In this study, neurological outcome and survival were not significantly influenced by treatment with 
moxfftoxadn. Frequency of fluoroquinolone resistance in both treatment groups did not differ. On logistic regression 
analysis, treatment arm as well as the interaction between treatment arm and monocytic HLA-OR expression (a marker for 
immunodepression) at day 1 after stroke onset was independently and highly predictive for post-stroke infections. 

Interpretation: PANTHERIS suggests that preventive administration of moxifloxacin is superior in reducing infections after 
severe non-lacunar ischemic stroke compared to placebo. In addition, the results emphasize the pivotal role of 
immunodepression in developing post strokf infections 
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Introduction in ctroke patient? [6 8\ The risk for pneumonia is liielio- in 

acute state of stroke [9] and in patients with non-lacunar stroke 
The prognosis of stroke maink depends on the incidence of the MCA territory [7]. Several risk factors contribute to 
complication [ J M kc- iau I neumot a urriiur in 7 in n i cl susceptibility of stroke patients for infections: aspira 
to 22% [3], is one of the main nut < otiij Ik tut; |4 1 i t 1 i iiuuu I bull it retlexc d hagia 

thought to he the most common cause of poor outcome and death hypostasis in bed-ridden patient'*, as wek as the need for inva 
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medical procedures [10], Recently, we demonstrated in a mouse 
stroke model thai hfeniom and mortality can effectively be 
reduced, and nciiroloiyr.il outcome improved by preventive 
antibacterial tliciapy with the uuoioq'.mtoloiic antibiotic inoxi- 
floxacin [11], Based on these findings we designed the 
PANTHERIS trial to investigate whether preventive antibacterial 
short-term therap> PA I reduces thr mini, no of infections 
compared to the current -landnid therapy. In an explorative 
fashion we tested whether PAT also reduces mortality and 
no i i u 1 1 1 t in L i u 1 r to i die 

proposed preventive regimen of treatment wc tested whether PAT 
promotes insist, one among facultative pathogenic bacteria. 
Finally, we seek for underhung imrnunologii ai mot nanisms of 
increased infections unreolibiliw aftei siioke. 

Methods 

The protocol for thi.- trial and nipponing < 1( >\S( >R k checklist 
are available as supporting hilormation: use Checklist 81 and 
Protocol SI. 

I hi u le 1 i n 1 Mud'. w;e- dno e.s i i ui li l i 1 

oout ile i .' t : 1 1 1 1. eaui etio i onno i use, n two academic centers 
t'Charite Cjonpn.- Mire. ( hariie t sinipm. benjamin rranklim and 
ow community hospital 'f 'iifallkrunkenhaus Pxelin. and. was 
conducted between May 2003 and July 2006. 1 he protocol was 
approved b v die local ethic coinmitiere Inlormed consent wee 
obtained from the patient or their legal guardian. PANTHERIS 
was registered with 1SRCTN7 138b7 19 at Current Controlled 
Trials (http://www.controlled-trials.com/ISRCTN74386719). 
Data safety was independently inoriitored and audited by local 
monitoring a ui h nit i l\ i i 1m iiu , w , ,i n u Id i i h Si 
dien, KKS Charite). Study entry criteria were the occurrence of an 
acute ischemic, stroke (between !) and 'Mi h aftei onset) in the MCA 
territory with a score of at ieast 12 on the National Institute of 
Health Stroke Seulc NIllSSs md patient age of at least Id years. 
Exclusion criteria were: hcmoi i hack: stroke, clinical sign,, el' 
iiilection on admission, contraindications against, moxifloxacin, 
preceding or ongoing aulifilotie iheiapy within the last 24 h, 
parlicipaliou in another inlers enlional trial, or imnitmtvitpprrs- 
sant treatment within the last 30 days. Tn order to avoid inclusion 
of lacunar strokes, only patients with signs of cortical involvement 

negative for signs of ischemic stroke. We used a computer 
generated allocution sekedule. Because of die greater number of 
strata, an adaptive i,uuk>iiii/.a>.ion was adooted. including sex, 
affected MCA territory, age (£64 vs. >64), and centre as 
stratifying factors fid"]. Trial pharmacists in each site labelled 
the trial drugs with sequential Ourls numbeis according to 
randomisation lists prepared bv the trial statistician and dispensed 
tl ' h t St i I i mil i i II ii lorn 

Patients were randomly eoogniu! to receive a detiiy iv infusion 
over 60 minutes either verum [n = 40, moxifloxacin 400 mg/ 
250 iiiL solution for infusion lAvalox 5 ', Bayer Vital GmbH)] or 
placebo fn- 40, riboflavin as a colorant, 20 mg/250 mL NaCl 
0.9%] foi flvi d i tin ithin 36h a r rol onset Verum 
and placebo medicee lor. v. en- vise, ill-, md'si iugursha.i >le. Tu ease of 
,in int. i u l i n i n iii 1 1 1 1 i 1 1 in both groups the 
sindv medication • , . mil end -uioTerncutcd by a In i n ' t 
rPu i , i 1 i i it 

-> I g 1 i i 1 1 i i i i r _ 1 _ I li< , , ,| 

mi I i ii i I i n i i i i i i in i I 

infections: 2 >. 100 rug t\ ciprofloxacin. However, when infections 



were rcfiact ih r 1 n h i i tu 

ued, and treatment could be adapted follow ing medical reasoning. 

After admission all patients underwent cranial (.1 f scanning to 
exclude intracranial hemorrhage. Patients were treated on stroke 

nut t 1 ( i i li i i i i i n 1 1 il \ 1 

leal diagnostic work up alined at identification ol stroke cause, 
which was c!a»itiod following TOAST aiteiia bf . I. omoibidity 
factors were recorded. Neurological deficit was measured at 
tit tin i i i i 1 1 i in \llUs | r ,] 

Primus- curipoim was the infection laic within • 1 davs allot 
-Hoke onset, khc duv when infection occurred refers to the day 
alter siioke olivet ami not stutly treatment initiation. Infections 
were diagnosed according to modified criteria of the U.S. Centers 
for Disease Control and Prevention (CDC): Pneumonia was 
diagnosed when at least one of the first and one of the latter 
criteria were fulfilled: A) abnormal respiratory examination, 
pulmonary infiltrates in chest x-iays; Hi productive cough with 
uurtll n put n i ii l l in i cultures hot lower respiratory 
tract or blood culture:-, leukocytosis, and elevation of C-reactive 
protein (CRP). Diagnosis of urinary tract infection fUTI) was 
based on two of the following criteria: fever (>38TfG), urine 
sample positive lor nitrite, lcucocyi uria. and significant baeterinria. 
Secondary midpoint measures were survival and functional 
outcome (Barthel Index [16]; 131) at clay 180 after stroke. BI was 
dichotomized into good (BI>60) and bad outcomes (BK60). 

Quantitative or semiquantitative cultures from lower respiratory 
tract (sputum, tracheobronchial or bronchoalveolar lavage), mine, 
and blood cultute- (line I'/Alcrt FA aerobic and anaerobic botiies. 
Biomerieux, INC. Durham, NC 27704, USA) were performed in 
each case of infection. Urine samples were obtained from 
previously inserted urinary catheters. Significant bactcriuria was 
considered when >10 ! cfu/ml, of a uropalhogen were isolated. 
Quantitative cultures of bronchoalveolar lavage or tracheobron- 
chial samples have used a diagnostic threshold of >10 4 cfu/mL 
and of >!()' cfu/mT, respectively. Species identification and 
antnnicroblal susceptibility icsting 'murobiodi dilution (est) 
tidier..; d si;ueki.id opeiuiing procedures according to Clinical 
and laboratory Standards Institute ft ITS!), for isolation, 
Hi l in 1 ii l li ill' ■ l nt / 'a isi I in li I in- 
(day 1) and alter treatment (day 9} with moxifloxacin or placebo, 
stool h ii a i In I on dfliX-l htomogen- 

Agar (Tryptonc Bilc-X-Glucoronic Agar-SIFIN GmbH, Berlin, 
Germany). After overnight incubation at 37°C, ten individual 
putative I:',, nr. colonies were isolated, following additional 
biochemical identification with ViTEK2/GN-cards (Biomerieux, 
INC. Durham, NC 27704, USA) minimal inhibitory concentra- 
tions . MI( en of all /-.'. cod i sola ies wet e detei uiinefl le, miioodilutioit 
testing ueeouling to CILSI standards for ciprofloxacin lAflC 
<1 mg/L susceptible, MIC S4 mg I esisian and according to 

t . I ,11 ( I li ii i 1 \ 1 1 I I o I il Nil i I , l lillll ll tlllL 

for moxifloxacin (MIC £0.5 mg/L susceptible, >2 mg/L resis- 
tant ' In i Ii hi in o i 1 l i i u if 
known innuuioiis in the iiuinolone icsiuanee d'sermiiiine; region 
;QRDRi ol the UNA gvrasc subunit A gsaie »r?.A 1 he e ; ;A eSer- 
87. mutation was delected in isolated DNA by (he mismatch 
amplification imitation assay A1AMA a-, dcsnibei! mo li, u |!7i. 
1 ' tinman leukocyte aniigcn-DR (HLA-DR) on 
monocytes was determined by lion cytometry using a highly 
standardized quanta m i I it < i i [ II, H 
on days T 3, 8, 90, and 180 90 ui of EDTA-bloorl was stained 
with 20 til of monoclonal phveoerythr-n vori|uga>eti eniidomian 
leukocyte aruugLii-DR 'HLA-DR) antibodies and peridin 
chlorophyll (PerCP-( > i -i oi ] m ant -f I> 1 uib,„l 
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:QuamiBr.te' M . Bcr.loii Dickinson) foi 30 ruin In ihc dark at room 

win Lll\(s] i, l,n 1 r n Dickinson for 15 min 
in tin. da I ll i n i, ,, Mil , 1 L JK were washed 
n i 1 i i 1 1 v< s ,n , , ,1 I \( ^ < a u, 

lion for 1:1 quaniilk alio,:. final analysis was performed using 
On , i i ,1 -I • r I , I i 1 1 i in , 'ir h 

Illolei uk HI 1 Dl\ rill , i i l r l I in 

The imci-assay CV was <5% and the inter-lab "CV of this assay 
was <20% [191. 

Statistical analysis 

Based or, a u-irospcclive analysis of infection rates in patients 
with acute ischemic stroke in the MCA territory treated in the 
participating centers (data not shown;-, an inlection ,aic of H)% m 
the placebo group, and 10% in the group treated with 
nioxilloxaein was assumed. A priori power analysis revealed thai 
a sample size of it - 32 per group was needed (two-sided r/-.V.;„ 
power 80%). With an estimated drop out rate of 20%, 40 patients 
per group wine needed for enrolment. After enrolment of the last 
patient a blinded review meeting assessed niu.lv patients with 
respect to prolan o! viola I ions, which were labelled as "invalid" In, 
per protocol analysis. The efficacy of preventive antibacterial 
therapy in reducing- the incidence of post-stroke infections was 
invc Heated n i ' ] , I i ,, , tl n i,n m iK i si 

insti ad ol in . tporoai (hi ] nc lib trial 

Continuous variables were described using arithmetic mean, 
standard deviation, and 95% confidence interval (CI) for normally 
distributed data, or median and range for non-normally 
distributed dala, respectively. Normal distribution was checked 
by Q_-Q,-Plots and tested using the modified Kolmogorov-Smirnov 
test [20]. Absolute and relative frequencies were used for 
dichotomous variables. The infection rates (and other proportions) 
of placebo and vcrum group were compared using Fisher's exact 
(est and the Cochran- Mam eM laeuszefoesi. siraiilied loi so,d\ 
centers. For analysis of CRP levels and daily maximum body 
temperature the multivariate repeated measures analysis of 
variance- was done as described previously [21]. Differences in 
(!RP values between treatment croups were analyzed biased on a 
mixed model of Inguilhioie.ilh iransionncd data. The parameters 
day and treatment are assumed fixer), die factor palienr is assumed 
random. Measurements between patients are assumed indepen- 
dent distributed. Within patients a common, otherwise arbitrary 
covariancc matrix is assumed. The following models were used. 
For ihc "no interaction model": logCRP,,,,,; = p+arKj+p(Tj)+8j;.. 
for the mid mi in mod 1 ( kl , - (. - / -■- a ] f ; 
where ft is the grand mean, -7, ifo- day d - 1. 2, 3, 4, 5, 6, 7, 9, 1 1), 
x, the treatment | 1 i i i I , 1 r i| i in 

aserachon ireaiment by da\ . and 



Blj the e 



and the 



,. In o 



-s for 



mollis. 



reduce 



i! an. ih Ms. including the ealculaiion of odds rati 
Hiding 95% coniidence intervals. Feature selectir 
applied to show the most imports! 



iulhicuciug independent! I'sciors. The clinical charac 
bolli ii'ciinnaii "imips and of palienr.s without and wills infection 
were compared in univariate analyses by .Student's t test for 
continuous variables wall a uomial distribution. For norr-norrnal 
1 1 M Mil I 1 he 

f In S ;ir in ir I loi i , ir ii 1 s , ,1 

in tieaunein and infection groans wsis calculated according to 
Kaplan-Meier and compared univariatcis with Log-Rarik-stalfo 
lies M il i I ices i, ul i n In die groups i quesiion 



significant. The 1 n ,1 ml, used I S 11 i hackery 1 , 
Social Sciences. SPSS for Windows. 13.0, SPSS, Inc., Chicago, II. 
and SAS. Version 9.1, by SAS Institute, Inc., Gary, NO, USA. 

Results 

Study population 

Eighty patients with acme -in, Moke were i andoinizeil. 
hot one oalieni informed consent win vithdiawu beion- ret eiving 
study medication. Therefore, 79 patients were included into 
intention-to-treat (ITT) analysis (verum n = 39; placebo n = 40). 
Baseline characteristics were similarly matched in both treatment 
gioup.s ( 1 able Is e.xeepl for coronal's he.ui disease uiii, h occurred 
nioie liei|ueru In the serum group jp-O.ui.. ho patients (verum 
) i I ii" re analysed PP). Flight 

patients, who neither readied the primary endpoiin nor completed 
the study protocol until day 11 had to be excluded from the PP 
analysis; Four paiients II verum. 3 placebo: died within 3 days. In 
lliree patients, study medication was discontinued due to medical 
reasons (withdrawal of life supporting therapy, heniicrauieclomy, 
blinding opened due to a suspeeled CNS inlection as the cause of 
the neurological deficits instead of ischemic stroke';. In one patient 
informed consent was withdrawn. Five additional patient.- (3 
verum, 2 placebo) were retrospectively excluded due to protocol 
violations -e.g. allocated in infection group while failing predefined 
infection criteria) and considered "invalid" in the blinded 
reviewing process (Figure 1). 

Primary endpoint: Prevention of post-stroke infections 

In the ITT population (n = 79; Table 2A), 19 patients (24.1%) 
developed infections within 1 1 days after stroke ousel. Six paiients 
I I '• I " : irciiicd with uioxilloxacin developed an inlcclion as 
compared with 13 patients (32.5%) in the placebo group (17.1% 
reduction, Fisher exact: p = 0.1 14; Mantel-fhiens/ebte-u stratified 
for centres: p = 0.068). In PP population (n = 66) infection rate 
with n = 6 in the mo.xlllosaciu group (17.1 "le sens signitleniuh 
lower (Fisher exact: p- 0.032; Manlel-Haenszel: p = 0.033) 




PLoS ONE | www.plosone.org 



3 



May 2008 | Volume 3 | Issue 5 | e2158 



The PANTHERIS Trial 



Table 1. Baseline characteristics 
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Smalt-vessel 2 5.0 1 2.6 1.00 




Unknown 5 12.5 5 12.8 1.00 


Risk {actors 






Hypertension 










, fl f«r t , m to 


:; ° 


32.5 


12 


30.8 . 1.00 




Hypercholesieroloernio 








12.8 y-'d.QO 




M money 






3 








17.5 




38.5 0.05 


Peripheral arterial dnease ■ 




2.5 




5.1 0.62 


COPD 3 7.5 3 7.7 1.00 




Gastric tube feeding 27 67.5 25 64.1 0.82 






15.0 




' . : 2.5 0.1 1 
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Time delay io first dose [h] (mean 








2 0.70 






95%CI of mean 




95%CI of mean 


Heart rate [beats/mm] 




76.2-87.2 






Body temperature . Ci 


37.0 


36.9-37.2 






Btiathrng rati, in patients breathing sp 








16,9 K 6 0 07 


Systolic BP r-.mHyl 


161.6 


154.3-168.8 




150.8-167.2 0.55 


Glucose [mg/dl] 


146.4 


130.9-162.0 


144.3 


129.2-159.3 0.88 




WBCxl0 s /L 


9.3 






8.0-10.1 0.70 



th Stroke Scale; COPD: c! 



r< annan-d to ill o pi. -i or 'I hi ro'nop \ villi I :'> undents d i Tu'hlo 2 1!'. 
The reduction ol 21 ' f I 2 ■ '• i 1 1 3%) approximate to a 
number needed to treat (NNT) of 4 (95% CI 2.3-35.3) Treatment 
w itli ii i i iii I i i 1 n ii 1 i Im i iii I 111 TTT 

and 59.1% in PP analyse-, respectively. A cliOrror.ro in ir.toclion 
rate I i n do::, i | n 1 1 t n dav 2 and 4 and r 
maintained until day 11 alter stroke onset (data not shown). In 
either population 1 1 padem s y.il;orerl li run pneumonia ;a vcrum. o 
placebo: and o patients had a -.irir.arv liaci inleciioii i'3 verum, 5 
lacebo;. On a raa pnctimorii . i uagnoscd 4 d i = i 



after stroke, and urinarv trail iidcitinn alio: 12 (la\-s hi 2.9.:. In 
the ITT population the incidence of pneumonia was 8/40 (2LU)%) 
[la placebo aroirp i i • 1 > u I ill 1 ■> 2/.7 7y ul the vcrum 
group (12.3% reduction, p = 0.193). In the PP population 3/31 
2 i i I 1 ii i i i ti I iii as uli i i n inira unr i 



atcd ir 



) ,.i o ' 



of the 



p -11.1197.:. The incidence lor urinarv iract ir 
for both treatment groups [ITT: 3/39 (7.7 
(12.5%) placebo; p = 0.7l2; PP: 3/35 (8.6' 
2117'y placebo; p = 0.1-59). 



fr-r-lir 
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Table 2. Incidence of infectiot 



Table 4. Susceptibility analysis of £ coli isolates 




lumbers and rates [in brackets] of infections in both treatment groups are 
n for ITT and PP populations, respectively. 
11 371/journal.pone.00021 58.t002 

Bacterial spectrum 

Microbiological analysis of microorganisms isolated from 
patients in th. II iih uil 1 t lit il 

bacterial spectrum of early ousel nosocomial pneumonia or 
urinary tract infection (Table $). The identification of relevant 
pathogens was successful in 5 of 11 lower respiratory tract 
infections and in 4 of 8 urinary tract infections. In the verum 
group we identified one patient with post-stroke pneumonia 
caused In melhiciUm-rrsi-ianl S'avh iocoam aureus (MRSA). 
Analyzing uiicrobiologi; a! ivf.birs obtained from the same patient, 
before starling study medication revealed MRSA colonization. 

Analysis of moxifloxacin resistance 

We invesdgated ciprofloxacin and moxifloxacin susceptibility in 
E. coli isolated bom stool samples before and alter treatment. 
Before treatment, toiciol aological analysis uf stool samples Irorn 59 
patients repealed thai 10 patient-. 20 in each, treatnient group, 
wet e colonized w ith /•.'. : A ft abie 4i Sir-.. c| ii.it. ii1li\ test it it: -how ed 
that isolates from 39 patients were susceptible to ciprofloxacin and 
moxifloxacin. One patient in the placebo group carried ti mixed 
culture of su-coptibli tend re-i-taut E. ml.;.. Thiee days after the end 
of the treatnient period :oa\ 9), stool samples of the same 20 
patients of each study group revealed that E. coli could be re- 
isolated from 3 patients of verum group (15%5 arid from 14 
patients of placebo group J70%). Resistant isolates were detected 

Table 3. Bacterial pathogens isolated from stroke patients 
specified for pneumonia and urinary tract infection 



metniol.in sens.uv* 

i 



il 'I _ i 



itiaiK eolo, 



) group, ■ 



e;,d\ 



! above) and i 



additional patient in the verum group. Genetic analysis In MAMA 
as, ay demousU atcd that the ,gT/A Ser-fl.Ti '.nutation w.as present in 
re-i.-tant /•.'. •••,// isolates bin absent in all oiliei susceptible i.-ola!e-. 
This indicates dial fluoroquinolone lesisiartre in both patients was 
caused by known molecular changes in the DNA gyrase. 



Mechanical ventilation 

At study entry no patient was under i 
(MV). Within 1 1 days, seven patients (1 ve 
Iff peipnlation 1 able I : and five naiieuts 
the PP population underwent MV. Freque 
significantly different between both it cam 
Median lime point lor In ginning of MY w; 



The MV of l 
patient developed 
the placebo group whici 



-treated patient started a 
nonia on day fr 



hanical ventilation 
., 6 placebo) in the 
:rum, 4 placebo) in 
:s of MV were not 
groups (Table 1). 
clay 3 (range 1-8). 
day 2. This 
6 patients of 



8' tv 



under 



nitibaii, 



pneumonia (median day 3, range: 2 -4). From the 7 patients 
undergoing .\ [V tvro (both Irorn placebo group, died witliin one 

month (day 22 and 30}. 

Daily maximum body temperature and C-reactive protein 

Patient maximum body temperature per day did not differ 
significandy between both treatment groups (ITT population: data 
not shown). CRT levels from patients (ITT population) of the 
placebo group increased signilk anils mor e than in the verum 
group (p = 0,0186; Figure 2). Comparing CRP levels univariate^, 
a. signill.ean.ily lowci C .IIP concentration was found in ihe verum 
group at days 5. 5, 6 and 7, which followed the treatment period 
with an interval of one day (figure 2;. 

Survival 

To avoid a preselection bias, cumulative survival analyses are 
based on ITT and not PP population, since patients who died 
within the lir-t li day- alter stroke without r< aching the primary 
endpoint were considered as 'drop outs' for IT' population. Seven 
(3 verum, 4 placebo) of 79 patients (8.9%) died within 11 days 
aftct -trokc onset. Within 6 month after stroke 13 (6 verum, 7 

i 1 III, I 

1 1 t i 1 | I I - il It 1 i I I tl 

between placebo and verum group 180 days after stroke onset 
(Log Rank p ~ 0.018, figure 3- However, cumulative survival of 
patient- with infer ion compared lo patients without inlerijon \va- 
-ig n leant di t it n o t it lum tdb -pij iml I in: I 
Patients with stroke-associated pneumonia had a significantly 
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Figure 2. Time course of CRP serum concentration. Time course of CRP levels in placebo and verum group shown by boxplots. Number of 
patients is indicated by N. CRP levels in the moxifloxacin group are significant lower compared to the placebo group. The p-values for the main 
effects are <0.0001 for day of CRP measurement and 0.0186 for treatment (multivariate analysis of variance for repeated measurements on 
logarithmically transformed data, no interaction model). The dependency between treatment and day of CRP measurement has a p-value of 0.0845 
(interaction model). In patients of the verum group CRP concentration are significantly lower compared to patients of the placebo group 3, 5, 6, and 
7 days after stroke (» p<0.05; ** p<0.005). 
doi:10.1371/journal.pone.0002158.g002 



lower (p = 0.022) survival rate in follow-up couip.tivd with patients 
without infenions whereas patients with urinary tract infections 
showed hi) dilfereuccs in cinrailalive -airvixal compared with 
patients without infections (p- 0.898, data not shown). 

Neurological Outcome 

Neurological outcome 6 month after stroke onset was deter- 
mined by using the Barthel Index (Bl) as a measure of limitations 
in activities of daily living. Compai inp, bulk treatment arms after 



. the ITT population the rate of patients with 
good outcome (Bl^GO) was 61% m the verum group (14 out of 22) 
compared to 55% in the placebo group (1 1 out of 20) (p = 0.574). 
In the PP population the r ale of patients with good outcome was 
67% in the verum group (I f out of 21) compared to 55% in the 
placebo group (10 out of 18) fp = 0.483). In ITT as well as PP 
population, both treatment trroupt> displaced the .aint median 70 
(p = 0.700; p = 0.543). In the ITT population the rate of patients 
> 61% in the non-infection group (20 out of 




~L 



jd noin*ec!ijnn«fi0 



Figure 3. Kaplan-Meier curves of survival in both ti 
groups. Crosses indicate time points when patients were lost to 
follow-up ('censored'; n = 7; verum n = 3, placebo n = 4 placebo). Seven 
(verum n = 3, placebo n = 4) of 79 patients (8.9%) died within 11 days 
after stroke onset. Within 6 month after stroke 13 (verum n = 6, placebo 
n = 7) of 72 patient 8.1 died 
doi:l0.l37l/]ournal.pone.0002158.g003 



Time aft rote onset 

Figure 4. Kaplan-Meier curves of survival in patients with and 
without infections. Crosses indicate time points when patients were 
lost to follow-up ('censored'; n = 7, infection n = l, no infection n = 6). 
Seven (no infection n = 5, infection n = 2) of 79 patients (8.9 1 -p.; died 
within 11 days after stroke onset. Within 6 month after stroke 13 
(infection n = 6, no infection n = 7; of 72 patients (18.1%) died. 
doi:1 0.1 371 /journal, pone.00021 S8.g004 
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Figure 5. Time course in monocytic HLA-DR expression after stroke, a: Monocytic HLA-DR expression is significantly reduced in all patients 
at days 1, 3, and 8 compared to 90 and 180 days after stroke (*** p<0.001). b: The time course of monocytic HLA-DR expression is not significantly 
different between patients from the placebo and verum groups. Dashed lines indicate the upper and lower reference range for monocytic HLA-DR 
levels in healthy individuals (5% percentile = 18036 mAb/cell; 95% percentile = 57958 mAb/cell). 
doi:1 0.1 371 /journal.pone.00021 58.g005 



33 patients; compart d to Ii3"i, in the infection group :3 out of d. 
p = 0.922). Tn the PP population the raft- of patients with a BI>60 
was 61% in the non-infection group (19 out of 31 patients) 
compared In 03% in the inlcction group (5 out of 8, p = 0.951). 

Levels of monocytic HLA-DR expression 

I'o determine tin: impact of ccrcbr.il ischemia on immune 



ramped 



othc 



soke 



□vel standardized assay in r|uanl!l\ the expression of monocytic 
HLA-DR. All patients (PP population; showed signs of post-stroke 
immimodcprcssion, as indinitcii by significantly reduced mono- 
cytic HLA-DR expression at days 1, 3, and 8 compared to 3 and 
6 months after stroke (Figure 5a). There were no signilicam 
difTerene.es in the time course of monocytic HLA-DR levels 
between the placebo and verum group Figure at);. However, 
infected patients in (he placebo irrnup had significantly lower 
monocytic HLA-DR levels at days 1 , 3, and 8, as shown in 
Figure' 6a. In i i n l m t ilh n i t l 

HLA-DR expression were observed between infected and non- 
infected pnlienls in the cerum stoop at all time poinls downs tip,. 
Notably, patients ss it h. on infections in tin- venire, grotto had 
signilicanik lower monocytic HLA-DR levels at day 1 compared 
to patterns without rnfci Tons a: placebo group coi i obot atlng that 
moxitloxnein ireniiiieiu rlfeetively prevented infections in a 
proporlion of these pa.tients. At b tntatth .tftta stroke, moiiocvcii 
HLA-DR expression returned to normal levels and was not 
signifcruulv < Mi n n 1 t mi t i n i it ih and Hi t 

ill i l . i t i 1 th .1, 1 t tin t i 1 

Risk factors of post-stroke infections 

Intistieit rate whAn 11 days was signiheainlv associaicd with 
tube feeding, mechanical ventilation, treatment, and monocytic 
HLA-DR levels a; baseline day 1 after stroke onset and before 
study treatment omen in univariate TP analysis of the placebo 



group Table 5). Comparing patitatts with and without infections 
of both treatment arms in the PP population (data not shown , mly 
tube feeding was signiiieanik more frequent in infected patients 
(p = 0.001). We performed regression analysis in PP population 
adjusted for NIfiSS at admission, age, lube feeding, mechanical 
ventilation, monocytic HT.A-DR expression at day 1 post stroke 
and treatment arm, which revealed that treatment arm and the 
interaction between treatment arm and HLA-DR expression were 
rle strongest independt in predictor* fur oost-stroke infections 
(Table 6). 

Adverse events 

'Table 7 shows types and frequencies of adverse events (AE) in 
ITT population reported over the whole study period including 



. The i 



s adve 



than 



s other 



•vt- reported 19 it •■ in in and If! deaths of 
paiieius. Oveiali -M.I cardiovascular, uctii ological. gastrointestinal, 
1 1 i n it r i I i i i u ( itin 

the frequency of AT. both treatment groups did not differ. There 
was no report of AT related to -truly medication. 

Discussion 

PANTHERIS, is an investigator-initiated, multi-center, tando- 
mised, double-blind. p!accbo-i enrol <1 rial TP aiiaivsi demon- 
is tt t preventive i i r i h i > t rr loxitloxaeii: r 1 in 
o t so 1 r i tid iti i n rt 1 

severe ischemic stroke in the tcrntotv of the middle eciebrai 
artery, while ITT analysis revealed only a trend towards beneficial 
1 lit 1 it i t u 1 i hi h I in 

'•wire t ' ' n uir i . u r i t r hit \\ id 

rcspectto antibiotics, then were fully and eff ectis el\ treated as soon 
as antibiotic medication was in li i i i i.e. j in a- an in lit it 
was diagnosed [13,22] Thu PP i 'is o tn f of prim til 
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Day Day 

Figure 6. Monocytic HLA-DR expression in patients with and without infections, a: In the placebo group, monocytic HLA-DR expression in 
patients with infections is significantly reduced compared to patients without infections at day 1 (** p = 0.003), 3 (** p = 0,005), and 8 (*** p<0.001) 
days, but not at day 180 after stroke, b: In the verum group, monocytic HLA-DR expression is pot significantly different between patients with and 
without infections. Dashed lines indicate the upper and lower reference range for monocytic HLA-DR levels in healthy individuals (5% 
percentile = 18036 mAb/cell; 95% percentile = 57958 mAb/cell). 
doi:1 0.1 371/journal.pone.00021 58.g006 



trial provides for the first time evidence for a superiority of a 
preventive anti-infective therapy over current standard therapy. 

Up to 95% of patients suffer from at least one relevant 
complication within the first thiec mouths alter slioke i ]. Thu«. 
lor ill n i] i In i! i i 11 i 

identification and treatment of complications remain the major 
medical challenge. Oompliiamms impair functional antl neuro- 
logical outcome 2cf,fij. Treatment in dedicated stroke units was 
demonstrated to reduce the incidence of stroke-associated 
complications [23]. However, even in stroke units, infections after 

impact on the urinologa a! outcome and inorlaliu cue alter stroke 
[5,6,3,24] . Pneumonia represents the leading; cause of in-hospita! 
mortality of stroke patients, accounting for s'> 1 % of all death [8]. 

Currently, posl-stiokc ptieumonia is thought to la; a ronse- 
quence of aspiration due to dysphagia and immobilization 
[2,4,25 27]. Forty to 70% of patients develop dysphagia within 
j days alier stroke. 10",. of them .ispirair and ;inproxim.il.-i\ one 
third develop pneumonia [10,28]. As stroke patients ' with 

thought to lx- a | i iii i ii ii Oi ii I i i is 

diagnosed, measures can or taken .nurd at prevention ol 
aspiration |2ii.2:''. Feeding tubes are often used to prevent 
aspiration pneumonia [25. abb bin were also identified as the 
Sinatra , I in I' i k i it 1 i 1 .a n [ 

infections [31], In the PAX I 11ER.IS population, tube feeding k 
associated wil'n a iigr,ilienntl\ liighci risk of infections, how'ever. it 
was rail an independent risk factor for infections. 'Results from the 
1 n i 1 t >t d ) I i l i ii 1 n 1 In n 1 [ 

Ah hi i i ii 1 1 i ii i n iii i im , i he risk of developing 
pneumonia by sevenfold, asoitution alone is not ■sufficient to 



explain the high incidence of pneumonia in acute stroke 
[2,4,25,26,33]. About 50% percent of healthy subjects also 
aspirate pharyngeal secrets every night to a similar extend as 
stroke patients, however, without developing pneumonia [who. 1 :,]. 
Thus, our unrlcrsinndirrg of the high incidence of pneumonia in 
stroke patients is still incompletely. Since several immune 
d\ sfutii tions have been repotted tit patients with acute (INS 
injtuy. m ukc -induced changes iii ieiinuiuC, nias, explain the high 
incidence ,,| infecuon-. | {. MS/]. In a uiurine model of cerebral 
ischemia we provided experimental proof that a neiiro-cndnorine- 
irr. citaied systemic irnniunodepi esston is an essential cause for a 
decreased aiiiibaneriul rlefense alter acute ischemic stroke leading 
to post-stroke pueimioiita j.ii!:. We further demonstrated that 
nilici'.'.he [mildew, minor bacterial ..epilation leads to severe 
oncninioiiia and line teri ci nia alier isidnanic slioke sugec.-tine thai 
tli r- deleterious combination of stroke-induced iinimmodcficicncy 

- i I t n I i n I i ii 1 \\ 1 111 MS 

1 the monocytic 

TIT VHP in 1 - a well known and sensitive marker 
for a disturbed immune function in septic and critically ill patients 
[17,40 42]. Here we describe a significantly reduced monocytic 
UFA l>k n mi' ill iii) ii ii ol 

to 3 i 1 [ in i , i 1 k i 1 u n 

l l i i it thi ' iii ut in l mi hi 1 i l ml mil', 
lower monocytic HLA-DR levels at days F 3, and 8 compared to 
i 1 I \ 1 I i he 

- lilll _1 I) I _i I i n i I ! i Ii II i i I ii \ I )K 1 I I 

the first clay after stroke onset, compared to patients without 
infections in placebo group corroborating thai moxiilo.xncin 
treatment effect aref picvon::d iulec :iom iti a proportion of these 
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Table 5. Univariate analysis for predictors of post-stroke infections in the placebo arm of PP population. 









Infection (N = 13) 


No In 


faction (N = 18) p 




Righcleft MCA 

Age (95%CI) 




6/7 46.2753.8 




44,1/55.6 0.434 




75.1 68.5-81.6 


70.3 




,;<! 17 \3-l$ 








Qualifying event' , ' 


Atherothrombotic 
Small-vessel 


pp.' • 


5 38.5 

0 0.0 


6. 


33.3 1. 000 
5.6 1.000 










Diabetes mellitus 




4 30.8 


7 


38.9 


Current smoking 




3 23.1 






Atrial fibrillation 


: 


5 38.5 




1 .000 






Petioherol artericl dteeas 








0.0 NA 






2 15.4 


0 


0.0 0.168 












44.40 0.032 






13 100.00 . popo ■■: ■;. if; 




83.30 0.245 












Delay to first dose h (mean, 95%Ct) 286 1 9.9 • ?. 7.3 


20.9 








mean 95%CI of mean 




95%Ci of mean 


Hear; beats I nir»] 




75.0-97.9 


78.2 


70.8-85.6 0.346 


Temperature [ CI 




37.1 36.9-37.4 


36.9 




i e th r< f >rji enc, ['mini 






13.4-20,4 0.472 




D,astoiic BPLmmHa] 
Glucose [mg/dl] 




32.1 74,4-8947 


76.9 


67.8-86.0 0326 
128.1-192.4 0.781 


WBCxlO'/L 








7.4-9.8 0.594 


mHW-OR [antibyceit] 










doi:10.l371/journal.pon 


.0002158.10 


n, and expression of mHLA-DR were associated univariately 
05 


with pc 


st-stroke infection. 



jwiliVnls. tunhnrooiv, reduced monixw HLV-DR expri-smm :u 

.independent predictor > i ibsi.-.-; 1 1 1 - m 1 oosi-si 1 oki' infect ion in ihe 

i 1 i i i '] i l ill ii i i J S h 

were no i ili ml il n in linn u .i monocytic 
Hl.VDK IcvrK bci u evn the -jlaccbo and vcrum group-, ii is 
ruber unlikely ili.t: in isi-sn nke infeciions hv ii.seli' cauv the 
reduced HLA-DR expression. 

Since the tabli I - 1 measci do not enectiveh. 
prevent pnsi-sitoke infections, and in the lighl of our paihophv<- 
n 1 cal co:i 1 ' of po<i rokc infection? and i i a linn J 
data [381, Preventive Antibacterial Therapy (PAT) warrants 
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in i n i i i it i mi i ii i T i nil oi 

mental model ol po.,c--i mke mho lion;, we have demonstrated thai 
post-stroke infections ran e(lei.li\efv be redtieerl l.n, pn-vctitiw 
i i! I I i ill i I i in M in ill in this 

stroke model moxkioxsrin no oniv prevent-. ;he devrloprurni of 
infections and few . it also signifiniruK icducc.- monafnv. and 
iroproves ncurologk-aJ otneonn: [11]. Consequently, the pi iman 
endpoint of the PANTHERIS trial aimed at preventing severe 
-to i- -a i t d ml i i m m o 1 1 ! i i i i t it t i H il on 

HI i 1 1 II ll 1 I 1 1 111 1 Mill pit In IlllilS 

inleetions arise bev, cea 2 and V dayf after stroke nini alata nol 
shown). In order to cover this critical lime period effectively, in 



Table 6. Logistic regression analysis of independent predictors for post-stroke infections 
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meter estimation 

„ ate Confidence Interval 

Lower Upper 



intercept 

HtA-DH tevei in verum arm V s, \ ted , dp dt 0 : : : 



g in the model after backward selection. Fact, 
rression (Day 1). treatment, and interaction t 
,„'log(HLA-DR); p: number of infected patien 



PANTHERIS treatment was started 9 to 36 hours alter stroke 
ohm-! and ct -n tinned I'll '< dn\ -. la t l < !r:i to eusu: e ilia! pit", ct , ! i e 
antibacterial therapy nol only shifts infections to a later time point 
infection rale was studied within 11 days post stioke. In the pea- 
protocol analysis, PANTHERIS demonstrated the efficacy of 
preventive niili-mferlivc tlicrap) will) moxil!< niacin. Compared to 
an infection rate of 1 1 .9% in tin- standard the: apv placebo) group, 
only 17.1% of verum treated patients sulierrd Irom infections. 
Further evidence for the efficacy of preventive anti-infective 
therapy is the significant redunion of On-active protein in the 
moxifloxacm treated group, compated with placebo. Of all 
infections, predominantly pneumonia seems to be prevented, 
tilth. nigh this dilforoncc did not reach statistic significance. 
Mechanical venlihtlion, a known strong risk lite tor lor nosocomial 
pneumonia |43|, appeared to be more frequent in placebo 
compared to moxillosacin group, again without reaching statistical 
signilk anei- ievd. Although we . nnnot exclude an inclusion bias, it 
would seem lathe) unlikely lh.tl das higher pneumonia rate in the 
placebo group should be caused by the higher frequency of 
mechanical ventilation in this group. On the contrary, since 
pneumonia preceded mechanical verallaliun in the placebo- 
treated patient, our data suggest that PAT might reduce the need 
for mechanical ventilation in patients with acute stroke. 

Stroke-associated inienions lead to poo:- outcome fad however 
the support I6r an independent causal relationship between 
inlcctions and poor neurological outcome w.is reccnllv challenged 
[37]. The PANTHERIS ' trial confirms that infections are 



ted v 



,ed sho. 



. Hov 



t the 



ti tha 



These t 
tiaied inf. 



support 

the cause but reditu a market tor a poor ncui . .logical o 
following stroke. However, since PANTHERIS was not 

ullii l 1 pill to .ft, h issue, it lit. i p i 

whether post-stroke infections, lead to a worse outcome in stroke 



orkers 



- the firs! 



ran mi/ed lac controlled d l.n i i 1 

preventive antibiotic therapy in stroke [44], Their 
ESPTAS trial included i alt patient s using lev. .f.oxacin 
300 ii It I i ton Inn i 



Table 7. Safety analysis 







Placebo 
In = 40) 


In = 39) 






n % p 




CiJ AE , 2 5 5 12.5 0,13 


Pulmonary 3 7.5 0 0 0.24 


Dyspnoea 


2 


0 0 


Pneumothorax 1 2.5 0 0 


Neurctogical 


4 10 


8 20 5 0.23 


Hemorrhagic transformation of stro 


te 1 2.5 


2 5.1 
2 5.1 




25 


1 2.6 


Recurrent stroke ' 


0 0 


1 2.6 



1 !03 0 13 



Blood creatine phospho 



Pharyna-ai biwrimq 



al. pene. 00021 5S.:00? 
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Based on an interim fulitily analysis, ESPIAS was prematurely 
t I i ll 1 1 II n 1 U ns 

n I I I ii i ii i ii i Hi u I i t I ii i i 
nil i- in 1 i , in ii ii \iiln i i I" ii i ii 1 ih 1 anil n i if ign 
several differences ma\ explain ihe discordant results. For 
example, in 1.SP1AS patients were treated sooner but sltorter 

ill 1 I 1 II I 1 1 1 1 I 1 1 III 1 1 ~s I III 11 

of slroke-associulrt I ii il eel ie.i i.-, occ.u .\iJiiii five da\s ailei sti'oke 
onset [33,45,46], the longer treatment period in PANTHERIS 
may In i i 1 i i n hi i i lit i 

lnilh. unoi, in L'A\ I HI R1S „ i > „ in . , , , 1 i its 

sii|MTii>r eilee! against aeiobit. pallioyrris |4f|, as local epiderni- 
oloo-ii a] da i n of si roke pa lie nls It input ilishcd da: a ( lernon si rat eel a 
l I 1 1 I i j I | i i . 

Siatihvlmoaij,. aureus) in pneumonia with a low incidence of 
moxilloxarin resistant paihogem sin h ,o, MRSA and %o%oiv,on 
„ i , i , In iddition. in nlm antibacterial at lis il\ of tnoxiiloxacin 
against anaerobes is superior i mnparerl to l t votlnxaein fllif which 
might be of relevance, since anaerobic pathogens need consider- 
ation in aspiration ] iueuiiioui,i | l'i' 

A major drawback of preventive antibiotic therapy is the 
potential indudion of antibiotic resi-lanr.o. The observation that 
till/ i lit i 1 t slant during 

moxiiloxaein treatment indicates selection of lliiovoqiiinolone- 
restslaul bacteria by preventive treatment with ino.xilloxacin. 
However, the low E. colt rc-isolalion late of 13% among ptitients 
trealed with nioxifloxaein fas compared to 70% in the placebo 
group) suggests inoxillos.a< in aife; is iimm.il yet Uora and was 
ellcctivc enough to eradicate E. colt in 17 out of 20 patients. The 
fact that in six patients of the placebo group, E. colt could not be 
re-isolated after treatment suggests that ihe intestinal E. coli 
populations were not soli 1 illi < n d 1 n s. tlnx u in ticdtnient. 

In conclusion, PP analysis of PANTHERIS suggests that 
preventive antibiotic therapy with inoxi.'loxaein reduces the 
infection rale in patients with seven/ ischemic stroke in the 
MCA territory. Since PANTHERIS as proof of concept trial was 
not designed to demonstrate clinical superiority of preventive 
antibacterial Ircatinenl in a routine environment and ITT analysis 
revealed only a ttcnti towards beneiieial effects of preveniive 
ant hnieeiive treaimeni caution is needed. Analyses of secondary 
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